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FOREWORD 


The  study  presented  in  this  report  was  performed  by  the  North  American 
Aircraft  Division  (NAAD)  of  Rockwell  International  Corporation  (Rockwell) 
under  U.S.  Air  Force ,  AFSC,  ASD,  Wright- Patterson  Air  Force  Base  Contract 
F3361S-77  C-3060.  This  study  was  performed  for  the  Crew  Escape  and  Subsystem 
Branch  (FER) ,  Vehicle  Equipment  Division  (FE) ,  Air  Force  Flight  Dynamics 
Laboratory,  Air  Force  Wright  Aeronautical  Laboratories,  Wright-Patterson  Air 
Force  Base,  Ohio,  under  Project  2402  "Vehicle  Equipment  Technology,"  Task 
240203  "Aerospace  Vehicle  Recovery  and  Escape  Subsystems,"  Work  Unit  24020302 
"Aircraft  Transparency  Failure  and  Cost  Analysis."  Mr.  C.  A.  Babish  III 
(AFFDL/FER)  was  Laboratory  Contract  Manager. 

The  basic  contract  started  Jun  77  and  was  completed  Dec  78.  On 
12  February  1979,  a  contract  extension  F33615-77-C-3060,  P00004,  t.o  identify 
corrective  design  improvements  for  specific  aircraft  was  authorized.  This 
supplementary  study  includes  the  further  review  of  the  F-4,  C-130,  A-7D,  CH-3. 
CH-53,  and  UH-1  aircraft.  This  report  documents  the  study  results  for  this 
effort  and  was  released  under  NA-79-237  by  Rockwell  International  for  internal 
control. 

Mr.  S.  S.  Brown  was  the  Program  Manager  for  Rockwell  International. 
Contributing  technical  personnel  were  0.  F.  Neidermann,  Engineering  Special¬ 
ties;  A.  R.  Del  Mundo,  Transparency  Design;  H.  L.  Hayes,  Transparency  Design; 

R.  0.  McCarty,  Operation  and  Proposals  Estimating;  W.  R.  Marshall  of  Reli¬ 
ability;  and  R.  M.  Hiyama,  Mass  Properties. 

The  author  wishes  to  thank  the  field  audit  contacts  in  the  Air  Force,  in 
the  airframe  industry ,  and  transparency  suppliers  for  their  cooperation  and 
valuable  assistance  in.  the  collection  of  maintainability  and  logistical  support 
data. 
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Not  Repairable  This  Station 

National  Stock  Number 

National  Technical  Information  Service 

Operational  Air  Force  Base 

Organizational  Maintenance  Squadron 

Polycarbonate 

Pilot  and  Copilot 

Programed  Depot  Maintenance 

Primary  Failure  Discovered  After  Flight  Abort 

Primary  Failure  Discovered  After  Ground  Abort 

Production  Flat  Pattern 

Production  Oriented  Maintenance  Organization 

Procurement  and  Production 

PPG-Liner  Material 

Pittsburg  Plate  Glass  Industries 

Packaging  and  Shipping  Costs 

Polyvinyl  Butyrl 

Quality  Control 

Right-Hand  Side 

Reliability  and  Maintainability  Program 
Rockwell  International/Los  Angeles  Division 
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LIST  OF  ABBREVIATIONS  (Concluded) 


ROK 

R§R 

RRS 

SA 

SDCC 

SRC 

S- 900 

SRD 

S/S 

tcto 

TO 

TT 

UCLA 

UMA 

USAF 

WBS 

W/S 

wuc 


ALCS 


OC-ALC 

OO-ALC 

SA-ALC 

SM-ALC 

WR-ALC 


Recheck  OK 

Repair  and  Reclamation 
Repair  and  Reclamation  Shop 
Stretched  Acrylic 

Scored,  Scratched,  Delaminated,  Crazed,  and  Cracked 

Specialized  Repair  Costs 

Sierracin  Transparent  Material 

Steel  Rule  Die 

Shipset 

Technical  Compliance  Technical  Order 
Technical  Order 
Task  Time 

University  of  California  at  Los  Angeles 

Unscheduled  Maintenance  Actions 

United  States  Air  Force 

Work  Breakdown  Structure 

Windshield 

Work  Unit  Code 


Air  Logistic  Colters 

Oklahoma  City  ALC,  Tinker  Air  Force  Base,  Oklahoma 
Ogden  ALC,  Hill  Air  Force  Base,  Utah 
San  Antonio  ALC,  Kelly  Air  Force  Base,  Texas 
Sacramento  ALC,  McClellan  Air  Force  Base,  California 
Warner  Robins  ALC,  Warner  Robins  Air  Force  Base,  Georgia 
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SJNMARY 


Rockwell  International  developed  a  series  of  design  improvement  options 
for  transparency  systems  of  aircraft  in  the  current  Air  Force  inventory.  This 
work  was  accomplished  under  Air  Force  contract  F3361S-77-C-3060  and  the  origi¬ 
nal  portion  was  documented  in  AFFDL-TR-78-1S3,  volumes  I  through  III.  The 
objective  of  the  study  was  to  identify  the  high-cost,  high-maintenance  trans¬ 
parency  components,  identify  cause  of  failures,  and  recomnend  corrective 
programs  to  reduce  the  cost  of  ownership  to  the  Air  Force  Logistics  Command, 

On  12  February  1979,  a  follow-on  study  was  added  to  the  same  contract 
with  the  same  objective  as  the  original  study.  The  following  aircraft  were 
examined  under  the  follow-on  study: 

•F-4  Fighter 
*A-7D  Fighter 
•C-130  Cargo/ transport 
•CH-53  Cargo/helicopter 
•CH-3  Cargo/hej  iccrpter 
•UH-1F/P  Utility/helicopter 

This  report  documents  the  follow- nu  study.  It  contains  the  procedures 
and  the  analysis  utilized  in  the  identification  and  development  of  the  design 
improvement  options.  Each  propose!  design  improvement,  option  is  preceded  by 
the  rationale  used  in  the  selection  process  followed  by  a  detailed  cost- 
effectiveness  trade  study. 

The  following  conclusions  resulted  from  the  follow-on  effort: 

1.  The  AFM  66-1  Data  File,  data  obtained  from  ALC's  and  from  field 
audits,  etc,  do  provide  a  data  base  from  which  predominant  transpar¬ 
ency  maintenance  problems  can  be  identified  and  the  life  cycle  cost 
(LCC)  inpact  determined. 

2,  Applying  state-of-the-art  technique  design  changes  can  be  incorporated 
that  will  alleviate  these  maintenance  problems.  Those  changes  that 
are  cost  effective  can  be  selected  by  LCC  considerations. 
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3.  It  is  concluded  from  this  study  that  the  cost  savings  for  the  indi¬ 
cated  aircraft  (refer  to  table  1)  can  be  realized. 

The  proposed  options  as  listed  in  table  1  represent  a  portion  of  all  the 
design  improvement  candidates  that  were  reviewed.  During  the  selection  proc¬ 
ess,  various  candidates  were  discarded  because  problem  areas  were  not  consi¬ 
dered  to  be  as  critical  or  the  potential  cost  savings  were  not  considered  to 
be  as  great  as  the  selected  options.  In  some  cases,  the  candidate  changes 
lacked  sufficient  data  to  be  considered  a  viable  option. 

(With  the  initiation  of  an  engineering  change  proposal  for  the  A-7D  air¬ 
craft  canopy,  the  A-7D  aircraft  was  eliminated  from  further  consideration  under 
this  study.) 

In  the  interest  of  expanding  the  search  for  cost  reduction,  it  is  recommended 
that  the  following  studies  be  pursued  at  some  future  date. 


RE  COMENDED  FOLLOW-ON  STUDIES 


1.  Offer  special  training  programs  for  the  care  and  proper  handling  of 
scratch- sensitive  transparency  components . 

2.  Provide  a  team  of  highly  skilled  technicians  to  buff  and  polish 
plastic- type  windshields  and  canopies.  This  method  of  repair  will 
reduce  the  number  of  replacement  parts. 

3.  Incorporate  solid-state  anti -icing  controllers  to  increase  reliability 
and  reduce  replacement  costs. 

4.  Incorporate  the  PPG-liner  material  in  the  secondary  viewing  and 
observation  windows  for  helicopter-type  aircraft.  The  improved 
resistance  to  abrasion  will  help  maintain  the  desired  optical  quali¬ 
ties  . 

5.  Incorporate  the  PPG-liner  material  for  the  stretched  acrylic  wind¬ 
shield  and  canopy  for  the  A-7D  aircraft.  The  improved,  resistance  to 
abrasion  will  help  reduce  replacement  parts  and  maintain  the  desired 
optical  qualities. 
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TABLE  1 


SUMMARY  OF  PCTENTXAL  COST  SAVINGS  FOR  PROPOSED  OPTIONS 


Annual  Savings 

Recommended 

Alternate 

Combination 

Combination 

F-4  AIRCRAFT 

Cation  No.  1  PPG -Liner  Material  Laminated 
Configuration  for  Improved 

< 

Abrasion  Resistance 

Option  No.  2  Improved  Campy  Hinge  Support 

$662,60') 

$652,600 

Fittings 

26,100 

26,100 

Total  potential  annual  savings  for  F-4 

$638,700 

$688,700 

C-130  AIRCRAFT 

Option  No.  1  Improved  Windshield  Edge  Sealing 

$136,800 

$136,800 

Option  No.  2  Windshield  Edge  Heater 

37,700 

37,700 

Total  potential  annual  savings  for  C-130 

CH-S3  HELICOPTER 

$174,500 

$174,500 

Option  No.  1  Glass  and  PPG  Liner  Material  for 

Pilot's  and  Copilot's  Windshields 
Option  No.  2  Stretched  Acrylic  and  PPG  Liner 

$  45,300 

Material  for  Center  Windshield 
Option  No.  3  Windshield  Frame  Modification  for 

$  10,200 

Improved  Sealing 

$  11,100 

Option  No.  4  "Lube  Blade"  Windshield  Wiper 

20,900 

Total  potential  annual  savings  for  CH-53 

$  66,600 

$  20,900 

CH-3  HELICOPTER 

Option  No.  1  Glass  and  PPG  Liner  Material  for  — 
Pilot's  and  Copilot's  Windshields 
Option  No.  2  Stretched  Acrylic  and  PPG  Liner 

Material  for  Center  Windshield 
Option  No.  3  Windshield  Frame  Modification  for 

Improved  Sealing  — 

-  $  48,900 

Option  No.  4  "Lube  Blade"  Windshield  Wiper 

$  23,300 

Total  potential  annual  savings  for  CH-3 

$  48,900 

$  23,300 

UH-1F/P  HELICOPTERS 

Option  No.  1  "Lube  Blade"  Windshield  Wiper 

$  10,600 

$  10,600 

Total  potential  annual  savings  for  all  aircraft  $989,300  918,000 


SECTION  I 


INTRODUCTION 


INTRODUCTION 


A  considerable  amount  of  the  Air  Force's  funds  allocated  to  operations 
and  support  activities  is  assigned  to  maintenance  function.  The  maintenance 
function  consumes  vast  amounts  of  manpower,  spares,  and  material  support 
costs.  Approximately  25  percent  of  all  Air  Force  personnel  and  well  over  half 
of  the  Air  Force  operations  and  support  activities  budget  is  directed  at 
maintaining  the  Air  Force  fleet. 

Although  the  'Transparency  System"  is  a  relatively  small  portion  of  the 
total  air  vehicle  airframe  and  subsystems  group,  the  1977  annual  expenditure 
for  20  selected  study  aircraft  exceeds  $5.5  million  (reference  lj .  To  further 
demonstrate  the  huge  costs  for  maintaining  transparency  systems,  a  10 -year 
projection,  adjusted  for  inflation  and  aircraft  attrition,  indicates  that 
approximately  $73  million  dollars  will  be  spent.  In  view  of  the  large  sums 
that  are  currently  being  expended  in  maintaining  these  transparency  systems, 
this  study  is  programed  to  develop  cost-effective  design  and  repair  concepts 
(reference  1)  aimed  at  reducing  logistical  support  cost. 


BACKGROUND 


The  original  portion  of  the  program  was  started  15  June  1977,  and  com¬ 
pleted  in  December  of  1973,  The  study  was  aimed  at  gathering  and  documenting 
the  design  and  cost  data  for  20  study  aircraft  as  listed  in  figure  1.  In 
addition,  the  purpose  of  the  study  was  to  document  the  maintenance  and  logis¬ 
tical  support  activity,  installation,  and  maintenance  procedures  that  are 
currently  being  used  at  the  Operational  Bases  and  Air  Logistics  Centers 

Reference  X  S .  S .  Brown ,  "Aircraft  Transparency  failure  and  Logistical  Cost 
Analysis  ,  Volume  I  -  Program'  Summary APFt)L-TR-155  Air  Force 
flight  Dynamics  Laboratory,  Wright -Patterson  Air  Force  Base, 
Ohio  45433,  December  1978. 


BOMBERS 

-  B-52,  B-57,  AND  FB-111 
ATTACK 

-  A-7D  AND  A-3 7 
CARGO/TRANSPORT 

-  C-5,  C-9,  C-130,  C/KC-135,  AND  C-141 


FIGHTERS 

-  F-A,  F-15,  F-105,  AND  F-lll 
TRAINERS 

-  T -37,  T-38,  AND  T-39 


OBSERVATION/UTILITY 
-  0-2  AND  0V-10 


HELICOPTERS 

-  CH-3,  CH-53,  AND  UH-1 


Figure  1.  Study  Aircraft 
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(reference  2).  The  intent  of  the  study  was  to  expand  the  research  of  trans¬ 
parency  problems  in  greater  depth,  identify  and  recommend  changes  to  mainte¬ 
nance  procedures,  and  recommend  design  improvements  that  will  reduce  failures 
and  maintenance  cost.  These  proposed  changes  and  some  of  the  selected  correc¬ 
tive  programs  can  be  found  in  reference  3. 

The  original  study  was  programed  to  identify  and  develop  five  design 
inprovement  trades.  In  view  of  the  substantial  cost  savings  that  resulted, 
the  Mr  Force  elected  to  increase  the  study  of  the  other  aircraft  listed  in 
figure  1.  On  12  February  1979,  a  contract  extension  F33615-77-C-3060,  P00004, 
requesting  design  improvement  corrective  programs  for  additional  aircraft  was 
authorized.  The  supplementary  study  authorized  the  further  review  of  the  F-4, 
0130,  A-7D,  CH-53,  CH-3,  and  UH-1  aircraft. 


BASIS  FOR  STUDY  SELECTION 

The  selection  process  utilized  in  the  establishment  of  the  corrective 
programs  during  the  review  of  the  20  study  aircraft  (figure  1)  was  to  identify 
those  aircraft  having  the  highest  annual  expenditure  in  maintenance  of  trans¬ 
parency  systems,  ,4s  the  search  progressed,  it  became  apparent  that  other 
factors  had  to  oe  considered,  in  identifying  aircraft  to  be  analyzed.  Conse¬ 
quently,  it.  was  decided  to  categorize  the  study  aircraft.  The  categories 
established  were  aircraft: 


1.  Having  the  highest  annual  expenditure  in  the  maintenance  of  transpar¬ 
ency  systems 

2.  Maintaining  an  important  position  in  the  total  posture  of  the  Mr 
Force  inventory 


Reference  2.  3.  S.  Brown,  "Mrcraft  Transparency  Failure  and  Logistical  Cost 

Analysis,  Volume  II  -  Design  Data  and  Maintenance~Troce5ures ," 
AFFDl-TR-78-153  Air  Force”  Flight  Dynamics  Laboratory,  Wright - 
Patterson  Air  Force  Base,  Ohio  45433,  December  1978. 


Reference  3.  S.  S.  Brown,  "Mrcraft  Transparency  Failure  and  Logistical  Cost 
Analysis,  Volume  til  -  Transparency  Analysis,"  AFFDL-TR-78-153 
Air  Force  Flight  Dynamics  LaDoratory,  Wright -Patterson  Air  Force 
Base,  Ohio  45433,  December  1978. 
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3.  Having  ongoing  or  recent  modification  programs  of  transparency  systems 

4.  Having  unique  maintainability  problems 

5.  Being  phased  out  of  Air  Force  inventory 

Hie  five  study  aircraft  selected  in  the  original  study  considered  one  or  more 
of  these  categories  plus  the  consideration  that  the  aircraft  service  life 
would  extend  into  the  next  10 -year  timespan. 

During  the  course  of  the  data  collection  and  analysis  phases,  it  was  also 
ascertained  that  a  number  of  study  aircraft  were  already  involved  in  ongoing 
transparency  modification  or  replacement  programs.  For  example,  the  F-lll 
series  aircraft  were  being  retrofitted  with  birdproofed  windshield  and  canopy 
hatches.  The  F-15  aircraft  were  likewise  being  refurbished  with  a  revised 
Cacrylic  type)  windshield  side  panel  and  canopy  transparencies.  In  the  cargo- 
type  aircraft,  it  was  determined  that  an  improved  windshield  panel  was  placed 
in  the  C-135  spares  inventory.  Because  of  these  modification  programs,  these 
study  aircraft  were  eliminated  from  consideration. 

Utilizing  the  above  approach,  the  aircraft  selected  to  be  investigated  in 
the  Supplemental  Study  was  in  Categories  1,  2,  and  4.  Both  the  fighter- type 
F-4  series  and  A-7D  aircraft  are  experiencing  in  excess  of  two  dollars  per 
flight  hour  as  shown  in  table  1,  "Annual  Transparency  System  Logistical  Support 
Costs",  Reference  1.  The  C-130  series  aircraft  is  operating  approximately  one 
dollar  per  flight  hour,  but  results  in  an  annual  expenditure  of  close  to 
350,000  dollars  per  year. 

The  helicopters  were  selected  on  the  basis  of  having  an  average  operating 
cost  of  approximately  three  dollars  per  flight  hour.  Category  4  was  an  import¬ 
ant  factor  for  the  helicopters,  in  that  extreme  scratching  principally  due  to 
windshield  wipers  is  causing  very  high  replacement  rates. 

It  is  for  these  reasons  that  these  aircraft  were  selected  for  the  Supple¬ 
mentary  Study. 


SECTION  II 

PROGRAM  OBJECTIVES  AND  REQUIREMENTS 

PROGRAM  OBJECTIVES 

The  objective  of  the  original  study  was  to  reduce  maintenance  and  logis¬ 
tical  support  costs  of  selected  transparency  systems.  It  was  accomplished  by 
conducting  a  detailed  study  of  the  reliability,  maintainability,  and  logistical 
support  characteristics  of  the  study  aircraft.  The  approach  utilized  was  to 
identify  the  high-maintenance  cost  system  components,  conduct  an  in-depth 
failure  analysis,  define  the  most  significant  design  parameters  affecting 
cost,  and  finally,  recommend  corrective  programs  to  achieve  significant  sav¬ 
ings  in  life  cycle  costs. 

This  supplemental  study  therefore  concentrates  on  the  continued  identifi¬ 
cation  of  design  improvement  candidates  for  the  following  specific  aircraft. 

•  F-4  fighter 

•  A-7D  fighter 

•  C-130  cargo/ transport 

•  CH-53  cargo/helicopter 

•  CH-3  cargo/helicopter 

•  UH-1F/P  utility  helicopter 

The  analysis  contained  herein  primarily  utilized  the  data  base  collected  and 
developed  for  the  original  portion  of  the  program  (references  1,  2,  and  3). 

In  order  to  ensure  that  current  inputs  and  trends  related  to  the  transparencies 
cf  the  respective  aircraft,  additional  data  were  collected  to  update  the  data 
base.  The  additional  data  were  gathered  through  direct  visitation  or  by 
telecommunication.  The  organizations  and  facilities  contacted  were  as  follows: 
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Operational  Air  Force  Bases 

•  1550th  ATTW  -  Kirtland  AFB  -  Albuquerque,  New  Mexico 

•  463rd.  TAW  -  Dyess  AFB  -  Abilene,  Texas 

•  146th  TAW  -  California  ANG  -  Van  Nuys,  California 

•  302-SOS  -  Luke  AFB  -  Phoenix,  Arizona 

|  Air  Logistics  Centers 

I  •  Ogden  ALC  -  Hill  AFB  -  Ogden,  Utah 

;  *  Oklahoma  City  ALC  -  Tinker  AFB  -  Oklahoma  City,  Oklahoma 

•  Warner  Robins  ALC  -  Warner  Robins  AFB,  Georgia 

;  Transparency  Suppliers 

L  *  Goodyear  Aerospace  Corp,  Arizona  Division  -  Litchfield  Park,  Arizona 

jt 

y  •  Sierracin/Sylmar  -  Sylmar,  California 

•  Tex  Star  Plastics  -  Grand  Prairie,  Texas 

•  Dupont  -  Plastic  Products  -  Wilmington,  Delaware 

{  •  Swedlow  Incorporated  -  Garden  Grove,  California 

•  PPG  Industries  -  Huntsville,  Alabama 

Others 

•  Continental  Airlines  -  Maintenance  Facility  -  Los  Angeles,  California 

•  Technical  Heaters,  Inc  -  San  Fernando,  California 

j  •  Naval -Aviation  Supply  Office  -  Philadelphia,  Pennsylvania 

i 

t 

r  TRANSPARENCY / SUPPORT  SYSTEMS 
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The  definition  of  transparency  systems,  as  considered  in  this  study,  is 
j  listed  in  figure  2.  They  include  three  categories: 

1 .  Transparency  components 

1  2-.  Interactive  support  systems 

3.  Support  structures 
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GQNEQNENI& 


1,  WINDSHIELDS 

2,  CANOPIES 

3,  WINDOWS 


INTERACTIVE  SUPPORT  SYSTEMS 

1.  ANTI-ICING 

2.  BEFOGGING 

3.  RAIN  REMOVAL 

4.  OPERATING  AND  ACTUATION 

5.  PRESSURIZATION 


S11EEORI.-  ST.RUCIUBES. 

1,  FRAMES 

2,  POSTS 

3,  LONGERONS  &  SILLS 


Figure  2.  Aircraft  Transparency  Systems 
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The  transparency  components  consist  of  the  primary  elements  of  windshield 
panel  assemblies,  canopy  transparency  and  frame  assemblies,  and  cabin  windows. 
The  interactive  support  systems  include  only  the  major  components  of  the 
subsystem.  For  example,  sensors,  bus  bars,  controllers,  and  toggle  switches 
for  anti -icing  systems  are  included,  integral  and  adjacent  ducts,  oxf fusers, 
and  control  valves  for  defogging;  actuators,  links,  and  latches  are  also 
included.  Ancillary  items  such  as  wiring,  switches,  tubing,  etc,  are  not 
included.  Support  structure  consists  of  only  those  members  that  form  an  edge 
member,  adjacent  contact  with  edge  member,  or  part  of  a  frame  assembly. 


PROGRAM  REQUIREMENTS 

The  main  thrust  of  the  supplemental  study  was  the  identification  of 
additional  corrective  programs  for  the  F-4,  A-7D,  C-130,  CH-53,  CH-3,  and  UH-1 
aircraft.  The  selection  of  potential  design  improvement  candidates  for  these 
corrective  programs  were  generally  initiated  from  failure  analysis  as  extracted 
from  the  AFM  66-1  maintenance  data  collection  system  (Reference  4)  or  some 
known  problem  area  identified  from  field  visits.  Another  keying  factor  was 
the  cost  of  maintaining  and  providing  spares  for  the  study  transparencies. 

The  general  sequence  of  steps  to  develop  the  corrective  program  is  to: 

1.  Conduct  a  failure  analysis. 

2.  Develop  design  improvement  candidates. 

3.  Collect  and  assemble  cost  analysis  data. 

4.  Develop  cost-effective  trade  study. 


Reference  4.  MD(!S,  Air  Force  Manual  66-267,  "Equipment  Maintenance  -  Mainte¬ 
nance  Data  Collection  System,"  Department  of  the  Air  Force, 
Headquarters  U.S.  Air  Force,  Washington,  DC  20330. 


8 


FAILURE  ANALYSIS 


The  basis  used  in  the  development  of  failure  analysis  was  primarily 
through  the  extraction  of  maintenance  data  from  the  AFM  66-1  data  tapes  using 
the  Maintenance  Analysis  Model  (MAM's)  Program  as  described  in  Reference  3. 

The  output  of  MAM's  is  a  computer  program  tabulation  containing  the  maintenance 
man-hours,  logistical  costs,  and  AFM  65-110  ("L-card"  data)  listing  the  number 
of  flights,  and  total  number  of  flight  hours  flown.  The  tabulation  by  the 
appropriate  Work  Unit  Code  (WUC)  also  provides  listing  of  the  How-Malfunctioned 
codes  (type  of  failure),  when  discovered  code,  and  action  taken  code  (descrip¬ 
tion  of  repair).  To  further  highlight  the  nature  of  the  problem,  the  WUC, 
How-Mal  can  be  ranked  as  a  function  of  maintenance  hours  or  logistical  support 
costs . 

Another  important  source  of  failure  inodes  comes  from  the  field.  These 
data  have  been  collected  during  the  field  audits  of  the  Operational  Base  and 
from  the  ALC.  It  is  believed  that  unique  problems  do  not  always  fit  the 
descriptors  contained  in  the  WUC  -06  manual.  It  is  for  this  reason  that  field 
contacts  are  highly  beneficial  as  supplementary  sources  of  information. 

By  the  utilization  of  the  combination  MAM's  and  field  audit  rotes,  the 
failure  modes  can  be  identified  and  rationalized.  From  these  data,  ?n  assess¬ 
ment  as  to  how  the  component  or  the  part  failed  was  condensed  in  the,  form  of  a 
failure  fault  tree,  and  failure  summary  of  the  more  significant  How-Mal  action 
taken,  and  cause  of  probable  failure.  The  fault  trees  and  failure  analysis 
summaries  are  shown  in  the  Design  Improvement  Trade  Studies,  Section  III 
through  Section  VIII. 

The  initial  data  source  utilized  in  the  development  of  the  fault  trees 
was  the  MAM's  printout.  As  previously  explained,  the  MAM's  printout  contains 
the  listing  of  maintenance  hours,  logistical  support  costs,  failure  modes, 
etc.  A  sampling  of  these  data  is  contained  in  Appendix  A.  Since  each  MAM's 
printout  may  contain  20  to  200  pages  for  each  transparency  system,  it  was 
decided  to  limit  the  printout  as  contained  in  Appendix  A  to  the  selected  work 
unit  codes. 


9 


DESIGN  IMPROVEMENT  CANDIDATES 


The  selection  of  design  improvement  candidates  is  largely  responsive  to 
the  failures  that  were  noted  in  MAM's  and  to  a  large  extent,  to  problems  which 
surfaced  at  the  field  level.  In  most  cases,  these  problems  are  common  in  both 
data  sources. 

The  development  of  the  corrective  programs  was  accomplished  by  personnel 
highly  experienced  in  the  area  of  transparency  design.  To  ensure  that  the 
very  best  of  design  data  and  material  characteristics  were  obtained,  a  very 
heavy  reliance  on  the  transparency  suppliers  for  backup  support  was  made. 

The  procedures  and  evaluation  process  for  the  development  of  corrective  pro¬ 
grams  are  contained  in  Sections  II  and  IV  of  Reference  3. 

A  ground  rule  that  was  carefully  exercised  in  the  selection  of  candidate 
improvements  was  to  ensure  that  the  proposed  improvements  would  result  in  a 
minimum  modification  to  the  existing  configuration.  With  the  complexity  of 
the  equipment  contained  in  the  interior  of  the  modem  aircraft,  a  very  import¬ 
ant  factor  was  to  avoid  the  dcanino  effect  of  causing  other  related  (unknown) 
changes.  This  effect  could  possibly  negate  the  cost  reduction  anticipated  for 
the  selected  design  improvements . 

During  the  course  of  the  review  of  the  failure  modes  and  design  parameters 
instrumental  in  establishing  the  transparency  configuration,  it  became  apparent 
that  one  or  more  solutions  could  be  considered.  These  alternates  are  presented 
as  options  that  can  achieve  the  desired  cost  reduction  objectives.  Various 
other  alternatives  that  lack  sufficient  information  or  could  not  be  fully 
developed  are  discussed  in  Section  IX,  "Conclusions  and  Recommendations,"  and 
listed  as  potential  follow-on  studies. 


COST  ANALYSIS 

The  cost  analyses  performed  in  support  of  the  trade  studies  presented 
herein  utilize  the  costing  data  extracted  from  the  AFM  66-1  MDCS  and  the  K051 


10 


%  ■  .  V  , 


'-‘r  #•/■***  "  JJ  \% 


1  -T:  ’f 


"Increased  Reliablity  of  Operational  Systems"  (IPOS) ,  Reference  5.  At  the 
start  of  this  study,  the  ALC  was  contacted  to  provide  an  update  of  the  mainte¬ 
nance  activity  for  each  of  the  study  aircraft.  The  data  requested  included  a 
listing  of  the  expenditure  of  maintenance  hours,  spares  procurement,  and 
update  of  unit  costs.  The  two  data  sources  provide  the  data  basis  for  those 
trade  studies. 

The  cost  analyses  generated  for  each  trade  study  are  based  on  a  10-year 
life  cycle  projection.  The  means  of  accounting  for  the  escalation  that  will 
occur  during  this  timespan  is  obtained  from  the  USAF  "Cost  and  Planning 
Factors,"  Reference  6. 


TRADE  STUDIES 

The  structuring  of  the  trade  studies  to  determine  the  cost  effectiveness 
of  the  selected  design  improvement  studies  was  accomplished  in  two  steps. 

Step  1  was  to  collect  and  assemble  the  current  costs  for  the  existing  concept 
and  to  develop  and  apply  the  appropriate  factors  for  projection  of  a  10-year 
lifespan.  Step  2  was  the  estimation  of  the  redesign  and  development  costs  for 
the  revised  configuration.  To  this  estimate,  the  determination  of  reduced 
maintenance  was  established  to  ascertain  the  net  life  cycle  cost  savings. 

The  trade  studies  for  each  aircraft  are  presented  in  the  form  of  design 
improvement  options.  The  options  were  selected  from  a  listing  of  candidate 
improvements  developed  from  the  failure  analysis.  The  candidate  design 
improvements  that  offered  the  greatest  potential  for  cost  reduction  were 
designated  design  improvement  options;  the  remaining  were  categorized  as 
recommended  studies  warranting  further  investigation. 

Reference  5.  lEOS,  T' Increased  Reliability  of  Operational  Systems,"  K051, 
AFLC/AFSC  Pamphlet  400-11,  Department  of  the  Air  Force, 
Headquarters,  Air  Force  Logistics  Command  (AFLC)  Wright-Patterson 
Air  Force  Base,  Ohio  45433,  Headquarters,  Air  Force  Systems  Com¬ 
mand  (AFSC)  Andrews  Air  Force  Base,  DC  20334,  16  August  1974. 

Reference  6.  Department  of  the  Air  Force,  "USAF  Cost  and  Planning  Factors," 
AFR  173-10,  Volume  I  (C6) ,  Attachment  49,  2  May  1977,  Table  49, 
Headquarters,  U.S.  Air  Force,  Washington,  DC  20330,  6  February 
1975. 
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IMPROVEMENT  TRADE  STUDIES 


The  trade  studies  for  the  subject  aircraft  transparency  systems  are 
presented  in  Sections  III  through  VIII  of  this  document.  Each  of  these  sec¬ 
tions  contains  a  description  of  the  configuration,  failure  analysis,  and  a 
rationale  for  the  selection  of  the  candidates.  From  these  data,  the  proposed 
design  improved  options  are  defined  and  followed  by  an  LCC  cost  analysis 
specifying  the  resulting  cost  savings. 


SECTION  III 


F-4  TRANSPARENCY  SYSTEM  DESIGN 

IMPROVBENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  F-4  transparency  configuration  consists  of  a  windshield  assembly  and 
two  independently  operated  canopies,  one  for  the  pilot  and  the  other  for  the 
Weapons  Control  Officer.  With  the  exception  of  the  center  windshield  panel 
laminated  glass  assembly,  the  remaining  windshield  and  canopy  transparent 
panels  are  stretched  acrylic.  The  support  systems  include  windshield  anti¬ 
icing,  rain  removal,  and  cockpit  pressurization  provisions.  Figure  3  shows  the 
installed  transparency  systems  being  evaluated  herein. 


FAILURE  ANALYSIS 


A  failure  analysis  of  the  F-4  transparency  system  was  conducted  utilizing 
the  maintenance  analysis  model  (MAM's)  program.  The  failure  mode  descriptors 
in  combination  with  flight  hours,  maintenance  hours,  and  logistical  cost  are 
contained  in  the  sampling  MAM's  tabulations  shown  in  figure  A-l  of  Appendix  A. 
Since  the  MAM's  printout  for  the  F-4  aircraft  contains  175  pages,  it  was 
decided  to  only  include  sample  pages  for  the  work  unit  codes  for  the  selected 
candidate  improvements . 

An  assessment  of  the  component  failures  from  the  MAM's  was  made.  These 
were  condensed  in  the  form  of  a  failure  fault  tree  (figures  4  and  S)  and  a. 
failure  analysis  summary  (figures  6  and  7)  of  the  more  significant  How-Mai's, 
action  taken,  and  probable  cause. 
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Figure  4.  Fault  Tree  F-4  Windshield  Assembly 


WUC  12350  AFT  CANOPY  ASSY 
WUC  12320  FWD  CANOPY  ASSY 


Figure  S.  Fault  Tree  F-4  Forward  and  Aft  Canopy  Assemblies 


Figure  7.  F-4  Canopy  Assembly  Failure  Analysis  Sumary 


CANDIDATE  DESIGN  IMPROVEMENTS 


Examination  of  the  failure  analysis  data  and  results  concluded  that  the 
following  candidate  improvements  should  be  considered  and  investigated. 

1.  Incorporate  a  protective  hard  coating  for  reduced  scratching  and 
abrasion. 

2.  Incorporate  a  laminated  configuration  consisting  of  an  inner  and 
outer  protective  layers  for  improved  abrasion  resistance. 

3.  Incorporate  improved  canopy- to- fuselage  attachment  fitting  to  reduce 
the  hours  required  to  remove  and  replace  the  canopy  assemblies. 

4.  Modify  the  windshield  center  panel  svpport  frame  to  reduce  cracking. 

5.  Improve  training  procedures  to  effect  reduced  scratching  attributed 
to  ground  handling  personnel. 


INVESTIGATION  AND  RATIONALE  FOR  SELECTED  CANDIDATES 
CANDIDATE  1  -  WINDSHIELD  AND  CANOPY  PROTECTIVE  HARD  COATING 

The  MAM's  indicate  that  approximately  30  to  40  percent  of  the  maintenance 
hours  expended  can  be  attributed  to  How-Mal  code  scored  or  scratched,  etc.  It 
was  hoped  that  a  new  protective  coating  for  application  to  stretched  acrylic 
(S/A)  transparent  panels'  would  be  available.  Calls  to  five  transparency 
suppliers  indicated  that  coatings  for  S/A  were  available,  but  that  they  offer 
minimal  improvement  in  outer  surface  protection.  They  also  stated  that  if  the 
coating  were  scratched,  the  process  of  buffing  and  polishing  could  not  be  used 
as  a  means  of  repairing  the  transparency.  As  a  result,  this  candidate  was 
dropped. 
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CANDIDATE  2  -  PPG- LINER  MATERIAL,  LAMINATED  CONFIGURATION  FOR  IMPROVED  ABRASION 
RESISTANCE 

In  view  of  the  large  number  of  the  F-4  series  in  the  Air  Force,  Navy,  and 
allied  military  forces  inventory,  the  inclusion  of  a  revised  laminated  configu¬ 
ration  to  reduce  the  scoring  and  scratching  appears  to  be  feasible.  It  was 
further  ascertained  that  the  Navy  is  contemplating  a  modification  to  extend 
the  service  life  of  the  F-4.  It  is  therefore  concluded  that  this  aircraft 
will  be  in  inventory  for  at  least  the  next  decade.  On  this  basis,  the  incorpo¬ 
ration  of  a  new  transparency  configuration  and  material  was  considered  to  be 
cost  effective.  A  review  of  the  materials  available  for  this  application  was 
made  that  considered  such  factors  as: 

1.  Resistance  to  abrasion 

2.  Cost  impact 

3 .  Producibiiity 

4.  Availability 

5 .  Optical  qualities 

6.  Resistance  to  environmental  and  weathering  factors 

As  a  result  of  the  materials  review  it  was  ascertained  that  PPG  Industries 
is  currently  developing  a  new  urethane  material  which  should  be  an  improvement 
over  the  abrasion  resistance  of  the  current  plastic  glazing  materials.  This 
new  PPG-"liner  material"  can  be  applied  to  the  inboard  and  outboard  surfaces 
of  acrylic  and  polycarbonate  materials.  Although  the  material  characteristics 
are  based  on  laboratory  test  of  prototype  production  of  the  material,  PPG 
indicated  that  incorporation  of  the  PPG- liner  material  should  result  in  signi¬ 
ficant  increases  in  service  life,  at  a  fabrication  cost  increase  that  will 
result  in  overall  cost  effectiveness  of  the  proposed  configuration.  It  is 
concluded  that  the  desired  reduction  in  maintenance  costs,  while  retaining  the 
required  optical  qualities,  etc,  can  be  best  achieved  with  a  newly  developed 
material  such  as  that  being  developed  by  PPG  Industries. 
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CANDIDATE  3  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 

Approximately  23  percent  of  the  maintenance  hours  for  both  the  forward 
and  aft  canopies  were  attributed  to  WUC  127,  improper  adjustment  and  alignment 
Repair  personnel  at  the  ALC  indicated  that  significant  hours  were  being 
expended  in  the  fitting  and  rigging  process  of  removing  and  replacement  of 
canopies  after  repair.  Initial  estimates  indicated  that  significant  savings 
in  cost  can  be  achieved. 

CANDIDATE  4  -  MODIFIED  WINDSHIELD  CENTER  PANEL  SUPPORT  FRAME 

Initial  examination  of  this  potential  problem  listed  a  30  percent  expendi 
ture  of  the  total  hours  attributed  to  maintaining  the  flat  windshield  center 
panel  was  due  to  induced  cracks,  especially  at  the  edges  of  the  glass  panel. 

It  was  believed  that  this  was  caused  by  improper  fitting  of  the  support  frame 
assembly.  Discussions  with  the  ALC  indicated  that  most  of  the  cracks  or 
pitting  were  attributed  to  runway  FOD  and  not  the  frame  support.  For  tliis 
reason,  this  proposed  fix  was  dropped. 

CANDIDATE  5  -  IMPROVED  TRAINING  PROCEDURES 

It  has  been  stated  that  90  percent  of  the  scratching  and  abrasions  can  be 
attributed  to  ground  handling  by  both  the  flight  crews  and  maintenance  person¬ 
nel.  Since  this  problem  is  difficult  to  quantify  in  terms  of  absolute  and 
meaningful  cost  savings  trades,  it  is  highly  recoimnended  that  a  specialized 
"training -type"  program  be  implemented  to  help  minimize  the  damage  incurred  to 
the  transparent  panels. 
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SELECTED  TRADE  STUDIES 


The  candidates  selected  as  being  cost-effective  design  improvements  are: 

1.  Incorporation  of  a  laminated  PPG-liner  material  for  the  windshield 
side  panels,  forward  and  aft  canopies 

2,  Incorporation  of  improved  canopy  hinge  support  fittings  to  reduce 
fitting  and  rigging  maintenance  costs 

These  candidates  are  presented  as  options  recommended  for  incorporation 
into  the  F-4  transparency  system. 


PROPOSED  DESIGN  OPTIONS 

OPTION  1  (CANDIDATE  2  -  PPG-LINER  MATERIAL  LAMINATED  CONFIGURATION  FOR 
IMPROVED  .ABRASION  RESISTANCE) 

The  high  cost  of  maintaining  the  F-4  transparency  system  is  primarily 
attributed  to  scratches  and  abrasions  the  side  windshield,  and  to  both  the 
forward  and  aft  canopy  panels.  Although  a  substantial  amount  of  the  abrasion 
that  results  in  degraded  optics  is  attributed  to  weathering  factors,  the  major 
contributor  to  this  type  of  failure  is  caused  by  the  improper  handling  proce¬ 
dures  by  both  the  flight  and  ground  crews. 

Data  obtained  from  the  AFM  66-1  MDC,  and  collected  from  the  ALC,  indicates 
that  more  than  50  percent  of  the  maintenance  hours  are  expended  in  the  removal, 
repair,  and  replacement  of  these  transparents.  The  degradation  of  the  optical 
qualities  requires  the  replacement  of  each  canopy  component  at  a  rate  in 
excess  of  20  per  month  (reference  7).  It  is  for  this  reason  that  a  multi - 
laminated  configuration  incorporating  the  PPG-liner  material  is  proposed. 

(See  figures  8  through  10.) 

Reference  ~T.  G.”  Rasmussen,  Act.  Chief  Avionics/Software  Sec  Dir  of  Mat  Mgt, 

MMSRH,  "Acquisition  of  Logistical  Support  and  Cost  Data  for 
the  F-4~"Windshield  and  Canopy  System"  (Your  Ltr,  7jiA-0174)" 

MMSRH,  department  of  the  Air  Force,  Headquarters  Ogden  Air 
Logistics  Center  (AFLC) ,  Hill  Air  Force  Base,  Utah  84056 
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Figure  8.  F-4  Windshield  Assembly 
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Figure  9. 


F-4  Forward  Canopy  Assembly 
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The  current  configuration  of  the  side  and  canopy  transparent  panels  are 
monolithic  stretched  acrylic.  The  respective  panel  thicknesses  of  0.43  and 
0.34  inch  are  established  by  the  requirements  for  optical  qualities,  birdstrike 
protection  and  cockpit  pressurization.  As  previously  stated,  the  PPG- liner 
material  is  believed  to  provide  an  improved  abrasion  resistance  of  the  inner 
surface  by  a  factor  of  3  to  4  for  an  inner  liner,  and  2  to  2-1/2  for  both  an 
inner  and  outer  liner. 

To  utilize  the  advantages  of  this  material,  the  proposed  modification  as 
depicted  in  figure  11  will  incorporate  a  G.d20-inch  PPG- liner  material  bonded 
to  both  the  outside  and  inside  surfaces  of  the  stretched  acrylic  structural 
ply.  The  edges  will  be  tapered  to  feather  to  the  juncture  of  the  existing 
frame  assembly  and  be  sealed  to  prevent  delamination  and  peeling  (see  figures 
8  through  10).  The  structural  ply  will  retain  its  existing  thicknesses  of 
0.43  and  0.34  inch  to  maintain  structural  integrity.  This  approximate  increase 
in  the  weight  for  all  three  components  is  13  pounds  (see  figure  11) .  PPG 
indicated  that,  based  on  their  experience  in  fabrication  techniques  on  proto¬ 
type  specimens,  the  PPG  "liner  material"  can  be  readily  formed  to  the  F-4 
transparency  contours. 
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OPTION  I  -  PPG-LINER  MATERIAL  LAMINATED  CONFIGURATION  FOR  IMPROVED 
AERAISION  RESISTANCE 


Existing  desiqn  Proposed  configuration  ,  .  , 
_ _ _ _  _  Weight 

Area*  Config  &  thick-  Wt  Config  S  thick-  Wt  penalty 

(in.2/AV)  ness  (in.)  (lb)  ness  (in.)  (lb)  (lb) 


Windshield 

(side) 


0.02  PPG -I.M 

0.43  S/A  32.5  2.7 

0.02  PPG-LM 


canopy 


2,720 


0.02  PPG-LM 

Jo. 34  S/A  44.4  4.6 

0.02  PPG-LM 


canopy 


2,695 


0.02  PPG  LMj 

*0.34  S/A  44.0  4.6 

0.02  PPG-LM 


••Total  panel  area 

Approximate  total  pane!  vision  areas: 

Windshield  -  1 , 080  in.^ 

2 

Fwd  canopy  -  2,030  in. 

2 

Aft  canopy  -  1,901  in. 


AV  *  air  vehicle 

S/A  =  stretched  acrylic 

PPG-LM  =  PPG  urethane  liner  material 


PPG  liner  material  concept  for  side  windshield  (forward  and  aft  canopies), 
assuming  ftu  at  2,000  ps i  Uretnane  and  13,200  psi  S/A 


OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTING 


Negligible  weight  change 


Figure  11.  -  F-4  Transparency  Design  Data. 


Cost  Analysis 


The  estimated  annual  savings  for  the  incorporation  of  the  multi  laminate 
PPG-liner  material  is  $662,600.  This  saving  is  based  on  a  10-year  life  cycle 
cost  timespan.  The  methods  utilized  in  establishing  the  costing  data  for  this 
modification  is  detailed  in  table  2.  The  first  step  in  the  development  of  the 
cost  trades  was  to  obtain  an  update  of  the  unit  costs,  maintenance  hours 
expenditure,  and  determine  spare  component  replacement  rates  (reference  7). 

The  update  as  supplied  by  the  ALC  was  for  the  1978  12-month  timespan.  During 
this  time,  repair  and  overhaul  records  for  both  components  were  received  from 
field- level  and  programed-depot  maintenance  (PDM) .  The  combined  replacement 
rate  of  approximately  22  forward  units  and  22  aft  canopy  units  corresponded 
with  data  collected  during  the  1976  to  1977  time  period  of  the  original  s tudy, 
and  was  consequently  used  as  the  basis  for  projections  of  current  maintenance 
activity  projections.  It  should  be  noted  that  these  replacement  totals  do  not 
include  47  canopies  that  were  polished  and  buffed. 

The  second  step  was  to  project  costs  for  redesign  and  development  of  the 
PPG-liner  concept.  This  was  accomplished  with  the  vise  of  costing  factors  as 
provided  by  PPG  Industries.  These  factors  were  applied  to  the  unit  costs 
provided  by  the  ALC,  and  adjusted  for  inflationary  escalation  as  noted  in 
reference  7. 

Option  1  and  Option  2  can  be  combined  for  a  total  annual  savings  of 
$688,700. 


TABLE  2.  COST  ANALYSIS 


F-4  TRANSPARENCY  SYSTEM 

OPTION  1  -  PPG-LINER  MATERIAL,  LAMINATED  CONFIGURATION  FOR  IMPROVED 
ABRASION  RESISTANCE 


Present  Concept 

Field  maintenance 
Spares 

Total  F/M  and  spares,  10-year  LCC 

Redesign  Concept 

Redesign  and  development 
Field  maintenance 
Spares 

Total  F/M  spares,  nonrecurring  and 
incurring,  10 -year  LCC 

Net  10-year  LCC  cost  saving 
.Annual  (average)  saving 


Sunnary 

$  8, 165, IIS 
6,972,210 
$15,137,525 

$  800,000 
3,991,050 
3,720,420 

$8,511,470 

$6,625,855 
$  662,600 
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TABLE  2.  COST  ANALYSIS  (Continued) 
F-4  TRANSPARENCY  SYSTEM 


OPTION  1  -  PPG -LINER  MATERIAL,  LAMINATED  CONFIGURATION  FOR  IMPROVED 
ABRASION  RESISTANCE 


Monthly  Replacement 


Description  Unit  Cost  _ Rate 


WUC  111AP  LH  W/S  panel  $  650  2 
WUC  111AN  RH  W/S  panel  $  610  2 
WUC  1232A  Fwd  canopy  $1,020  23 
WUC  1235A  Aft  canopy  $  975  22 


Annual  Replacement  Cost  (Existing  Concept) 

Cost  of  Replacement  Parts 

$  15,600 
$  14,640 
$281,520 
$257,400 


LH  W/S  panel  2  x  12  x  $  650 

RH  W/S  panel  2  x  12  x  $  610 

Fwd  canopy  23  x  12  x  $1,020 

Aft  canopy  22  x  12  x  $  975 

Total  cost  of  replacement  parts 


Removal  and  Replacement  Cost 


LH  W/S  panel 
RH  W/S  panel 
Fwd  canopy 
Aft  canopy 
Total  removal  and 


2x7  MH  x  $ 30/hr  x  12 
2x7  MH  x  $30/hr  x  12 
23  x  41.5  MH  x  $30/hr  x  12 
22  x  39.5  MH  x  $30/hr  x  12 
replacement  cost 


$  5,040 
$  5,040 
$343,620 
$312,840 


Total  annual  F-4  maintenance  cost  for  existing  concept 


(1) 


$1,235,700 


10-Year  Life  Cycle  Cost 

Cost  of  replacement  parts  =  $569,160  x  1.225^  x  10  =$  6,972,210 
Cost  of  removal  and  replacement 

=  $666,540  x  1,225  x  10  =  $  8,165,115 

Total  10-year  life  cycle  cost  (existing  concept)  $15,137,325 


(1)  ALC  data  (reference  7) 

(2)  Escalation  factors  (reference  6) 
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TABLE  2.  COST  ANALYSIS  (Continued) 
F-4  TRANSPARENCY  SYSTEM 


OPTION  1  -  PPG -LINER  MATERIAL,  LAMINATED  CONFIGURATION  FOR  IMPROVED 
ABRASION  RESISTANCE 

Design  and  Development  Cost 

Design  and  costing  factors  -  estimated  by  PPG  Industries 

Service  life  increase  for  application  for  both 
inner  and  outer  surfates.  2  to  2-1/2 

Increased  fabrication  cost  for  application  for 
both  inner  and  outer  surface,  1.5 


Development  Cost 


Design  and  support  1,000  hours 
TCT'O  400  hours 

Engineering  ■  1,400  hours  x  $40  *  $  56,000 
Engineering  material  =  $  2,000 
Qualification  =  $500,000 
Test  =  $200,000 
Fabrication  of  test  specimens  *  $  42,000 


Total  development  cost  (nonrecurring)  =  $800,000 


Unit  Cost  of  Redesigned  Transparent  Components 


LH  W/S  panel  =  $  650  x 
RH  W/S  panel  =  $  610  x 
Fwd  canopy  =  $1,020  x 
Aft  canopy  =  $  975  x 


1.5 

1.5 

1.5 

1.5 


=  $  975 
=  $  915 
=  $1,530 
=  $1,463 
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TABLE  2.  COST  ANALYSIS  (Concluded) 
F-4  TRANSPARENCY  SYSTEM 


OPTION  1  -  PPG- LINER  MATERIAL,  LAMINATED  CONFIGURATION  FOR  IMPROVED 
ABRASION  RESISTANCE 


Monthly  Replacement  Rates  With  PPG -Liner  Material 


LH  W/S  panel 

2  x  0,S0l3)  =  1 

RH  W/S  panel 

2  x  0.50  =  1 

Fwd  canopy 

23  x  0.50  =  11 

Aft  canopy 

22  x  0.50  -  11 

Annual  Replacement  Cost 

(PPG-Liner  Material) 

Cost  of  Replacement  Parts 


LH  W/S  panel 
RH  W/S  panel 
Fwd  canopy 
Aft  canopy 


1  x  12  x  $  975 
1  x  12  x  $  915 
11  x  12  x  $1,530 
11  x  12  x  $1,463 


Total  cost  of  replacement  parts 


Removal  and  Replacement  Cost 


LH  W/S  panel 
RH  W/S  panel 
Fwd  canopy 
Aft  canopy 
Total  removal  and 


1x7  MH  x  $ 30/hr  x  12 
1x7  MH  x  $ 30/hr  x  12 
11  x  41.5  MH  x  $ 30/hr  x  12 
11  x  39.5  MH  x  $30/hr  x  12 
replacement  cost 


Total  annual  F-4  maintenance  cost  for 
PPG -Liner  Material 


10-Year  Life  Cycle  Cost 

Cost  of  replacement  parts  =  m 

$417,755  x  1.225  x  0.727^;  x  10 
Cost  of  removal  and  replacement  = 
$325,800  x  1.225  x  10 

Total  10-year  life  cycle  cost 
(PPG-Liner  Material) 

(3)  PPG-LM,  service  life  factor  of  2 

(4)  CSC  -  Crawford's  Cost  Reduction  Curve 


$  11,700 
$  10,980 
$201,960 
$193,115 

$417,755 


$  2,520 
$  2,520 

$164,340 
$156,420 
$327,  SUIT 


$743,555 


$3,720,420 

$3,991,050 


$7,711,470 
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OPTION  2  (CANDIDATE  3  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS) 


The  results  of  the  failure  analysis  indicate  that  a  significant  number  of 
maintenance  hours  are  being  expended  in  the  fitting  and  rigging  of  repaired 
canopies.  Maintenance  personnel  at  the  ALC  attribute  this  ptoblem  to  the 
large  tolerance  variations  that  exist  in  the  supporting  cockpit  structure, 
thus  requiring  a  custom  measuring  and  rigging  process  to  properly  align  and 
adjust  the  canopy  hinge  fitting  and  locking  mechanism.  It  was  stated  that  the 
main  cause  is  the  limited  amount  of  adjustment  allowance  that  is  available  in 
the  canopy  to  fuselage  hinge  support  fitting.  Figure  12  shows  the  existing 
arrangement,  consisting  of  the  hinge  support  fitting,  serrated  plate,  and 
laminates  of  shim  stock.  In  addition  to  the  limited  amount  of  adjustment,  the 
trial  and  error  process  of  determining  the  correct  number  of  shims  is  also 
very  time  consuming  (reference  8) . 

The  removal  and  reinstallation  of  both  the  forward  and  aft  canopies  at 
the  ALC  requires  1-1/2  to  2  days.  To  ensure  that  alignment  of  the  arches  and 
attaching  points  can  be  maintained,  a  series  of  measurements  is  made,  so  that 
the  same  relationship  is  achieved  after  the  repair  of  the  canopy  is  accom¬ 
plished.  The  repair  and  reinstallation  of  canopies  at  the  operational  base  is 
difficult.  In  most  cases  the  damaged  canopy  is  sent  to  the  ALC  for  repair. 

The  canopies  sent  to  the  ALC  for  repair,  and  fit-up  of  the  replacement 
glass,  arches,  and  frame  assembly  are  measured  to  a  standard  set  of  dimensions. 
Consequently,  the  fitting  and  rigging  of  canopies  returned  to  operational  base 
that  are  measured  to  standard  dimensions  and  sometimes  installed  on  another 
aircraft  entails  a  considerably  longer  time  to  reinstall.  In  sane  cases,  the 
canopies  cannot  be  satisfactorily  fitted  and  mast,  again,  be  returned  for 
rework.  This  situation  can  be  very  time  consuming  and  costly. 

It  is  recommended  that  the  hinge  support  fittings  for  both  the  forward 
and  aft  canopies  be  redesigned  to  the  configuration  shown  in  figure  13  to 
provide  easier  adjustment  and  thereby  substantially  reduce  the  time  required 
to  fit  and  rig  a  repaired  canopy. 

Reference  8.  T.O.  IF74u-2-3,  Technical  Manual,  'Maintenance  Instructions. 

Seat  and  Canopy  Systems  USAF  Series  F~4d  Aircraft,''  15  April 
1978 
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l  igurc  12.  l:-4  I'xistiiig  Canopy  liinyc  Support  Fittings 


Figure  13.  F-4  Proposed  Canopy  Hinge  Sipport  Fitting 


The  parts  to  be  redesigned  are: 


Part  No.  32 -31817- 303 (LH) ,  -304(RH)  Fwd  Canopy  Support  Ftg 
Part  No.  32G31819-1(LH) ,  -2(RH)  Aft  Canopy  Support  Ftg 

A  review  of  the  failure  analysis  indicates  that  to  adjust  the  forward  and 
aft  canopy  hinge  support  assembly  to  the  required  height  is  very  time  consum¬ 
ing.  Attaching  bolts  have  to  be  removed  to  add  required  shims  for  height 
adjustment  on  the  old  assemblies.  To  reduce  the  number  of  maintenance  hours, 
the  following  changes  are  recoimended:  (1)  The  forward  and  aft  canopy  hinge 
support  be  redesigned  to  have  a  scope  base  with  serration s  to  provide  height 
adjustments  with  the  mating  bevel  shim  with  serrations.  (2)  Mahe  holes  over¬ 
size  on  the  support  fittings  for  inboard,  outboard,  forward,  and  aft  adjust-' 
ments.  (3)  Slot  holes  on  bevel  shims,  to  adjust  height  by  simply  loosening 
attaching  bolts  and  slipping  bevel  shim  forward  and  aft. 


Cost  Analysis 


The  cost  analysis  for  the  proposed  change  is  summarized  in  table  3.  It 
presents  the  10 -year  life  cycle  cost  savings  that  can  be  achieved  as  a  result 
of  the  reduced  maintenance  hours  that  will  be  realized  through  the  incorpora¬ 
tion  of  the  improved  canopy-to- fuselage  fittings. 

The  savings  in  maintenance  hours  required  for  removal,  fit-up,  replace¬ 
ment,  and  rigging  is  estimated  Lu  be  21  percent.  In  terms  of  a  10-year  life 
cycle  cost,  the  estimated  saving  indicated  in  table  3  is  $875,165.  The 
offset  to  this  saving  is  a  $70,510  nonrecurring  development  and  test  cost. 

The  additional  offset  is  the  replacement  cost  (recurring  cost)  $543,655  for 
the  fabrication  and  supply  of  the  redesigned  fitting.  The  net  10-year  life 
cycle  cost  savings  is  estimated  to  be  $261,000,  or  an  average  annual  saving  of 
$26,100.  Option  1  and  Cption  2  can  be  combined  for  a  total  annual  savings  of 
$721,700, 


Table  4  presents  a  detailed  cost  analysis  statement  of  the  step-by-step 
assembly  of  the  logic  and  the  costing  factors  used  to  develop  the  cost  trade. 
The  basis  for  the  unit  costs  and  the  replacement  rates  were  data  supplied  by 
the  Ogden  Air  Logistics  Center.  The  data  and  factors  used  to  determine  the 
development  and  replacement  costs  were  obtained  from  the  Rockwell  International 
pricing  methods. 
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TABLE  3.  COST  ANALYSIS 


F-4  TRANSPARENCY  SYSTEM 


OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 

Summary 

Total  10 -year  life  cycle  cost 

of  fitting  and  rigging  (existing  fittings) 

$4,167,450 

Redesign  and  development  cost 

$  70,510 

Replacement  parts  (for  total  fleet) 

$  543,655 

Total  10-year  life  cycle  cost  of 

fitting  and  rigging  (redesigned  fittings) 
($4,167,450  -  $875,165) 

$3,292,285 

Net  10-year  LCC  cost  saving 

$  261,000 

Annual  (average)  saving 

$  26,100 
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TABLE  3.  COST  ANALYSIS  (Continued) 
F-4  TRANSPARENCY  SYSTEM 


OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 
Cost  of  R$R  Fitting  and  Rigging 
Replacement  Rate 

WUC  1232A,  fwd  canopy  23  per  mo 
WUC  1235A,  aft  canopy  22  per  mo 

Removal  and  Replacement  Cost 

Fwd  canopy  23  x  21.0  Mi  x  $30/hr  x  12 
Aft  canopy  22  x  21.0  Mi  x  $30/hr  x  12 

Total  annual  F-4  maintenance  cost  for  canopies^ 

10 -Year  Life  Cycle  Cost 

Cost  of  R5R  fitting  and  rigging 

$340,200  x  1.225l°J  x  10  = 

Estimated  reduction  in  fitting  and  rigging  hours 
(see  page  41) 

Savings  in  man-hours  expended  in  R6R 
Using  redesigned  fitting  *  0.21  x  4,167,450 

Redesign  and  development  cost  (see  page  40) 

Replacement  parts  (see  page  40) 

Net  10 -year  life  cycle  cost  saving 

Annual  (average)  savings 


(5)  ALC  data  (reference  7) 

(6)  Escalation  factor  (reference  6) 


$173,880 

$166,320 

$340,200 


$4,167,450 

21% 

$875,165 
$  70,510 
$543,655 
$261,000 
$  26,100 


39 


TABLE  3.  COST  ANALYSIS  (Concluded) 
F-4  TRANSPARENCY  SYSTEM 


i  i 

i  i  ; 


OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 

Redesign  and  Development  Cost 

Nonrecurring 


Total  development  -  2  configurations  at 

$17,200 

Fab  4  units 

at  22.5  hr  x  $40/hr  = 

$  900 

Tooling 

297.2  hr  x  $40/hr  = 

$11,888 

Material 

= 

$  112 

Engineering 

350  hr  at  $40/hr  = 

$14,000 

T.0. 1  s 

250  hr  at  $40/hr  = 

10,000 

Test 

2  units  at  $5,000  each 

10,000 
$64,10 u 

Unknown  10%  of  $64,101 

6,410 

Total  nonrecurring 

$70,510 

Recurring  Cost 

Replacement  parts 

Shipset  (S/S)  fwd  canopy  hinges  = 
Pcs  per  shipset 

Avg  cost/fwd  hinge 


Shipset  (S/S)  aft  canopy  hinge  = 
Fes  per  shipset 

Avg  cost/ aft  hinge 


Escalation  factor  1978-1983 
Total  recurring  cost 


2,800  (total  No.  aircraft 


STRUCT 

$33.61 


2,800 

2 

57500 - 

$45.64 


in  fleet) 
$188,216 


$255, 584 

1.225 
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TABLE  4.  COST  ANALYSIS 


F-4  TRANSPARENCY  SYSTEM 

OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 


ESTIMATED  HOURS  TO  REMOVE  AND  REPLACE 


The  procedures  required  to  remove  and  replace  the  canopy  assemblies  as 
specified  in  T.O.  1F-4G-2-3  (reference  8)  maintenance  instructions  for  the  F- 
4C  seat  and.  canopy  system.  The  following  is  an  estimate  of  the  maintenance 
hours  required  for  each  step  and  each  operation.  This  estimate  was  developed 
by  a  Rockwell  field  engineer  experienced  in  the  R§R  of  fighter- type  transpar¬ 
ency  systems.  It  should  be  ncted  that  the  important  factors  developed  in  this 
estimate  is  the  percentage  to  maintenance  hours  saved.  Since  the  resultant 
absolute  hours  developed  correlate  with  R§R  hours  obtained  from  the  field 
audit  of  the  ALC,  the  percent  saving  is  considered  to  be  valid. 


Step 


Maintenance  Hours 
Req 'd  Each  Saved~Each 


Removed  Canopy 


1.5 


Install  New/Repaired  Canopy 

1.  Prepare  for  Initial  Fit  -  Remove  hold  bolts,  2.0 

rain  seal ,  stop  bolts ,  loosen  index  plates, 

adjust  bellows,  readjust  hinge  support  fitting, 
install  temperature  shim,  and  adjust  forward 
stop  bolts 

2.  Lift  Canopy  in  Place  -  Engage  hinge  arms,  2.5 

temporarily  install  raw  stock,  open  and 

install  canopy  brace,  extend  actuator,  close 
canopy,  take  measurements,  add  shims  as  required 
to  obtain  dimension  at  forward  hooks,  open  can¬ 
opy,  and  disconnect  actuator 

3.  Close  Canopy  -  Add  shot  bag,  check  forward  butt  1.5 

gap,  raise  canopy,  loosen  canopy  hinge  supports, 

adjust  forward  to  get  butt  gap,  close  canopy, 
remove  shot  bags,  and  recheck  butt  gap 

4.  Check  Aft  Butt  Gap  -  Mark  for  trimming,  raise  1.5 

and  remove  canopy,  trim  aft  edge  of  canopy, 

reinstall  and  lower  canopy,  add  shot  bags,  and 
check  butt  gap  (repeat  as  required) 

5.  Adjust  Hooks  and  Locking  Mechanism  2.0 


-1.0 


-1.0 


-0.5 
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TABLE  4.  COST  ANALYSIS  (Concluded) 
F-4  TRANSPARENCY  SYSTEM 

OPTION  2  -  IMPROVED  CANOPY  HINGE  SUPPORT  FITTINGS 


Ste£ 

6.  Adjust  Canopy  Centerline  -  Scribe  canopy 
hinge  support,  loosen  canopy  hinge  support 
bolts,  align  canopy  centerline,  check 
lateral  adjustment,  adjust  forward  hooks 

7.  Match  Check  Forward  and  Aft  Location  - 
Seri Ee “.shim  stack  at  hinge  supports,  raise 
and  support  canopy,  adjust  canopy  mismatch 
(by  adjustment  in  number  of  laminations  in 
temperature  shim) ,  pull  down  and  close 
canopy,  and  recheck 

8.  Trim  Fairings  -  Remove  canopy  and  trim  as 
marked,  reinstall  canopy  and  add  shot  bags, 
check  clearance,  adjust  fairing,  shim  for 
correct  alignment,  recheck  butt  gap  with 
canopy  closed  (retrim  as  required) 

9.  Adjust  Canopy  Stop  Bolts 

10.  Check  Canopy  Alignment  -  Close  canopy,  add 
shot  bags,  check  alignment  (by  tape  check) , 
correct  misalignment  as  required 

11.  Final  Installation  and  Checkout  -  Torque 
and  safety- lock  hinge  bolts  and  hinge 
support  bolts,  adjust  canopy  seal  bellows, 
adjust  actuator,  rig  lock  mechanism, 
install  rain  seal,  install  rear  view  mirrors, 
install  canopy,  actuate  and  inspect 

12.  Miscellaneous  Handling 


Maintenance  Hours 
Req '  d  Each  'Saved- Each 

1.5  -0.5 


2.0  -1.0 


2.0 


0.5 


1.5  -0.5 


2.0 


0.5 


Total  hours  for  R§R  (each  canopy) 
Percent  fitting  and  rigging  savings 


21.0 

4.5/21  =  0.21  (21  percent) 


4.5 
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SECTION  IV 


A-7D  TRANSPARENCY  SYSTEM  DESIGN 
IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  A- 7D  transparency  configuration  consists  of  a  three-piece  windshield 
assembly  and  a  single-piece  canopy  as  depicted  in  figure  14.  The  windshield 
center  panel  (figure  15)  is  a  flat,  five-ply,  glass- laminate  arrangement.  The 
panel  is  preloaded  as  a  column  when  installed  in  a  machined  frame  and  is 
retained  with  sheet  metal  angles.  The  windshield  side  panels  are  a  single 
curvature  monolithic  stretched  acrylic  with  nylon  acrylic  edge  members. 

The  canopy  (figure  16)  is  a  compound  curved  monolithic  stretched  acrylic 
panel.  The  perimeter  of  the  panel  is  edged  with  nylon  acrylic.  A  diaphram- 
type  seal  is  installed  around  the  canopy  frame  for  pressure  sealing. 

The  associated  support  systems  include  defogging,  rain  removal,  cockpit 
pressurization,  and  a  mechanical  canopy  release  system. 


FAILURE  ANALYSIS 


An  assessment  of  the  A-7D  transparency  system  failures  as  extracted  from 
the  maintenance  analysis  (MAM's)  program  plus  the  failures  obtained  from  field 
audit  were  compiled  in  the  form  of  a  fault  tree  as  shown  in  figure  17.  The 
conclusions  reached  after  study  and  rationalization  of  the  How-Mals  and  field 
experiences  were  then  assembled  and  sunmarized  in  figure  18.  The  major  prob¬ 
lems  that  surfaced  from  these  data  were: 

1.  Excessive  scratching  and  abrasion  of  the  S/A  transparent  panels 
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Figure  16.  A-7D  Canopy  Assembly 


jjnre  17.  l;ault  Tree  A-7D  Windshield  and  Canopy  Assemblies 


2.  De lamination  and  cracking  of  the  laminated  glass  panel 

5,  Canopy  transparent  panel  edge-member  alignment  and  attachment  problems 

4.  Canopy  latching  and  ejection  mechanism  rigging  and  interfacing  problem 

The  potential  candidate  design  improvements  that  were  iimnediately  con¬ 
sidered  as  possible  solutions  to  these  problems  were: 

1.  Incorporation  of  a  protective  coating  to  reduce  scratching  and  abra¬ 
sion 

2.  Incorporation  of  a  laminated  configuration  to  include  a  hardened 
outer  ply  for  improved  resistance  to  scratching  and  abrasion 

3.  Incorporation  of  an  improved  canopy  edge  member  to  reduce  fastener 
attachment  and  alignment  problems 

4.  Improvement  of  the  canopy  mechanical  linkage  of  the  latching  and 
ejection  mechanism  to  preclude  inadvertent  ejection 

5.  Improved  edge  sealing  of  the  center  glass  panel 

In  an  attempt  to  obtain  an  update  of  the  A-7D  maintenance  problems  and 
activity,  a  call  was  placed  to  the  system  manager  at  the  Oklahoma  City  Air 
Logistics  Center.  Rockwell  International  was  advised  that  as  a  result  of  the 
loss  of  three  A-7D  aircraft,  an  engineering  change  proposal  (ECP  562)  entitled, 
"Canopy  Retention  System,  Improvement  of,"  was  initiated  by  the  Oklahoma  City 
ALC  on  or  about  28  December  1978.  The  failure  of  the  canopy  has  been  attri¬ 
buted  to: 


1.  Inadvertent  ejection  caused  by  inproper  disengagement  of  canopy 
retention  system 
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2.  Inadvertent  ejection  due  to  canopy  loss  resulting  from  debonding  of 
the  transparent  panel  fiber-glass  edge -attachment  members 

Since  the  ECP,  being  implemented  by  LTV,  includes  the  redesign  and  rework 
of  tasks/ items  similar  to  those  that  Rockwell  International  had  planned  to 
conduct,  it  was  concluded  that  duplication  of  these  design  improvements  would 
not  be  cost  effective.  In  view  of  this  development,  Rock"ell  International 
elected  to  terminate  any  further  effort,  relating  to  the  A-7D  transparency 
system. 

The  failure  mode  descriptors  in  combination  with  flight  hours,  maintenance 
hours,  and  logistical  cost  are  contained  in  the  sampling  MAM's  tabulation 
shown  in  Figure  A- 2  of  Appendix  A. 
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SECTION  V 


C-130  TRANSPARENCY  SYSTEM  DESIGN 

IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  C-130  transparency  system  for  the  crew  compartment  includes  23 
windshield  and  viewing  window  panels  as  depicted  in  figure  19.  The  total 
number  of  panels  considered  in  this  study  were  narrowed  down  to  nine  wind¬ 
shields  and  four  windows  based  on  the  rankings  as  contained  in  the  MAM's 
(refer  to  Appendix  A- 3)  and  as  selected  from  field  audits.  The  typical  wind¬ 
shield  configuration,  as  shewn  in  figure  20,  is  a  two-ply  glass  panel  with  an 
extended  edge  polyvinyl  butyral  .interlayer.  The  outer  glass  ply  incorporates 
the  conductive  coating  for  anti- icing  provisions.  Edge  member  faying  surface 
sealant  and  aerodynamic  seal  provide  the  moisture  barrier. 


FAILURE  ANALYSIS 

The  results  of  the  C-130  failure  analysis  developed  from  AFM  66-1  MDC 
data  and  compiled  in  the  MAM's  program  indicates  that  approximately  50  percent 
of  the  cost  of  maintaining  the  selected  windshields  and  windows  results  from 
delaminations,  cracking,  and  arcing.  The  failures  for  these  components  are 
block  diagramed  in  the  windshield  and  window  fault  tree,  figure  21.  In  addi¬ 
tion,  the  principal  modes  of  failure  (How-Mal)  and  the  actions  taken  to  repair 
and/oi  fix  the  failures  are  correspondingly  listed.  These  factors  along  with 
the  probable  cause  of  failure  are  summarized  in  figure  22. 

.Although  the  MAM's  printouts  as  contained  in  Appendix  A- 3  provided  the 
primaiy  data  base,  a  great  deal  of  reliance  was  placed  on  the  data  collected 
from  the  field  level  and  from  the  ALC's.  The  failure  mode  descriptors  in  com¬ 
bination  with  flight  hours,  maintenance  hours,  3nd  logistical  cost  are  con¬ 
tained  in  the  sampling  MAM’s  tabulation  shown  ir.  figure  A-3  of  Appendix  A. 
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l-igurc  li).  0-130  C.'rc-K  Compartment  Transparency  Configuration 


1  ARCING  BROKEN 


;:-130  Windshield  and  Window  Installation 


-130  Windshield  and  Window  Assembly  Failure  Analysis  Summary 


CANDIDATE  DESIGN  IMPROVEMENTS 

It  was  concluded  from  review  of  the  failure  analysis  data  and  the  problems 
related  by  the  field  personnel  maintaining  the  C-130  transparencies  that  the 
following  candidate  improvements  should  be  considered  and  investigated. 

1.  Redesign  windshield  to  incorporate  a  dry  seal  and  improved  edge  seal. 

2.  Include  edge  heater  for  anti- iced  windshields. 

3.  Incorporate  solid-state  anti-icing  controllers. 

INVESTIGATION  AND  RATIONALE  FOR  SELECTED  CANDIDATES 

CANDIDATE  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING 

Cracking  and  delaminations  account  for  a  major  portion  of  the  failures 
reported  for  typical  windshields  shown  in  figure  20  The  delaminations  were 
largely  attributed  to  moisture  penetration  at  the  panel  frame  and  edge  member. 
It  is  therefore  proposed  that  a  dry  seal  and  zee  frame  be  used  to  reduce  this 
type  failure.  (See  figure  23.) 

CANDIDATE  2  -  WINDSHIELD  EDGE  HEATER 

The  maintenance  people  that  are  experienced  with  C-130  windshields  state 
that  cracking  is  largely  due  to  thermal  shock,  service  aging,  and  installation 
procedures.  Further  study  of  these  factors  indicates  that  under  certain 
conditions,  the  temperature  differential  between  the  center  of  the  panel  and 
the  edge  causes  a  thermal  variation  that  is  the  probable  cause  of  a  portion  of 
the  cracking  problem.  It  is  therefore  recommended  that  an  edge  heater  be 
incorporated  to  reduce  this  type  of  failure.  (See  figure  24.)  The  additional 
benefit  of  this  change  is  the  added  protection  against  delamination. 
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-  AERODYNAMIC  SEAL 

--HEAT  vulcanized 


>130  Windshield  Panel  hdge  Heater  Installation 


CANDIDATE  3  -  SOLID-STATE  ANTI -ICING  CONTROLLERS 


Another  item  affecting  the  failure  of  heated  windshields  is  the  tempera¬ 
ture  controllers.  Due  to  the  complexity  of  the  controller,  the  mechanism 
often  fails  to  operate  properly.  Although  the  reported  failures  of  the  C-130 
controllers  are  smaller  than  those  of  other  cargo- type  anti- icing  systems,  it 
is  believed  that  as  the  fleet  ages,  failures  of  these  components  will  signifi¬ 
cantly  increase  resulting  in  greater  replacement  rates.  This  problem  can  be 
greatly  reduced  by  the  incorporation  of  a  modem  solid-state  controller  with 
order  of  magnitude  in  improvement  in  reliability. 


CANDIDATE  4  -  IMPROVED  SEALING  OF  SIDE  WINDOW  LOWER  ATTAOWENT 

The  forward  side  windows  as  depicted  in  figure  19  and  in  figure  25  are 
subject  to  collection  of  moisture  puddling  between  the  side  longeron  and  the 
floor  assembly.  The  moisture  collecting  in  this  area  causes  the  delamination 
of  the  side  window  panels.  It  is  therefore  proposed  that  fillet  and  faying 
surface  seals  as  shown  in  figure  25  be  incorporated  to  reduce  the  source  of 
delamination.  This  proposed  change  should  be  considered  as  quickly  as  prac¬ 
tical.  Sufficient  detailed  maintenance  and  costing  data  were  not  available 
at  this  time. 


SELECTED  TRADE  STUDIES 


Analysis  of  tht  failure  moiLs  and  based  on  the  cost  trade  results,  it  was 
concluded  that  candidates  number  one  f improved  edge  sealing)  and  number  two 
(incorporation  of  edge  heaters)  should  be  implemented  as  soon  as  practical. 

It  was  further  concluded  that  the  initiation  of  a  modem  solid-state  controller 
be  considered  in  the  not  too  distant  future. 

PROPOSED  CHANGE  OPTIONS 

OPTION  1  (CANDIDATE  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING) 

The  proposed  change  for  reducing  this  high- cost  maintenance  problem  is  to 
incorporate  a  zee  strip  edge  frame,  revise  the  edge  sealing  arrangement,  and 
incorporate  an  improved  flexible  interlayer  as  shown  in  figure  23. 

A  heat -vulcanized  silicone  seal,  covering  the  entire  edge  of  the  glass 
panel,  provides  a  moisture  barrier  to  prevent  penetration  of  the  laminates. 

The  edge  facing  of  the  glass  panel  includes  a  rubber  gasket  peripheral  seal  at 
the  inner  side,  and  dry  pressure  seal  (molded  silicone)  is  affixed  to  the 
cuter  side.  The  use  of  the  formed- in-place  fairing  compound  greatly  reduces 
the  installation  time.  Closure  of  the  gap  between  the  glass  panel  and  the 
windshield  support  frame  is  accomplished  with  a  metallic  zee  frame  and  aero- 
smoother  sealant  as  depicted  in  figure  23. 

In  older  to  further  reduce  de lamination  and  cold  chipping  that  results 
from  moisture  penetration,  it  is  recommended  that  an  0.030  laminate  of  PPG 
112,  or  equivalent,  interlayer  replace  a  like  amount  of  polyvinyl  butyral 
adjacent  to  each  glass  laminate  (see  figure  23). 

The  windshields  and  compartment  windows  considered  in  this  option  are: 


wuc 

Description 

National  Stock  Number 

1111A 

Fwd  Lwr,  Pnl,  RH 

1560-00-098-7911 

nine 

Frt  Pnl,  LH 

1560-00-962-3511 

1111L 

Side  Pnl,  LH 

1560-00-962-3513 

1111M 

Aft  Pnl,  LH 

1560-00-307-1727 

111  IN 

Clr  Vis,  Pnl,  LH 

1560-00-098-7914 

1111P 

Fwd  Upr,  Pnl,  LH 

1560-00-962-3515 

1111Q 

Fwd  Lwt,  Pnl,  RH 

1560-00-966-3515 

mil 

Ctr  Pnl 

1560-00-035-2136 

11112 

Frt  Pnl,  RH 

1560-00-307-1724 

11113 

Side  Pnl,  RH 

1560-00-962-3514 

11114 

Aft  Pnl,  RH 

1560-00-307-1728 

11115 

Clr  Vis,  Pnl,  RH 

1560-00-098-7915 

11118 

Fwd  Upr,  Pnl,  RH 

1560-00-035-21S3 

Cost  Analysis 


The  annual  saving  in  the  cost  of  incorporating  this  revised  windshield 
concept  is  estimated  to  be  $136,300.  This  is  based  on  a  cost  trade  analysis 
(refer  to  table  5)  developed  for  a  10 -year  life  cycle  costing.  The  source  of 
maintenance  hours,  number  of  spares,  unit  cost  was  data  provided  by  Warner 
Robins  ALC,  reference  9.  Option  1  and  Option  2  can  be  combined  for  a  total 
annual  savings  of  $174,400. 

An  additional  source  for  the  cost  analysis  supporting  this  study  was  the 
data  collected  from  the  field  audits  of  the  original  study  plus  data  obtained 
from  the  operational  Air  Force  bases  listed  in  Section  II.  The  combination 
of  these  data  was  correlated  with  the  AFM  66-1  MDC  data  used  as  the  data  base 
for  all  these  studies. 


Reference  9.  G.  C.  Boettcher,  Col,  USAF,  "Aircraft  Transparency  Failure  and 
Logistical  Cost  Analysis,  C-130,  79LA-02Z6",  AFlC  Letter  Wft/ALC/ 
NMSF,  Headquarters  Warner  Robins  Air  Logistics  Center  (AFLC) , 
Robins  Air  Force  Base,  Georgia  31098,  21  March  1979. 
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TABLE  5.  COST  ANALYIS  [Continued) 
C-130  TRANSPARENT  SYSTEM 


OPTION  1  -  IMPROVED  WP^SHIELD  EDGE  SEALING 


Redesign  Concept 
Nonrecurring  cost 

Tooling  (for  average  configuration) 

(2)  Strip  PFP  production  flat  pattern 
HDP  hydropress  die 
HIT  heat-treat  fixture 
Molded  silicone  seal 
Mold 

SRD  steel  rule  die 
Total  labor  hours 
Telling  labor  rate 
Tooling  labor  dollars 
Tooling  material  at  $6. 00/hr  (incl  DH) 
lotal  tooling  (fer  average  configurations) 
Total  configurations 
Total  tooling 

Engineering 

Design 

TCI'O 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor  dollars 
Engineering  material 
Total  engineering 

Certification 

Engineering 

Testing 

Panel  fabrication  (10  each)  ( 

Current  panel  cost  *  ; 

Frame  at  4  x  boom  frame 
New  (46%  current  539)  ; 


10  hours 
150  hours 
60  hours 

v 

40  hours 
30  hours 
290  hours 
$ 40/hour 


1,960  hours 
396  hours 
17555  hours 
$4 0/hour 


Total  certification/panel 
Total  certification  7  panels  x  $55,130 

Total  nonrecurring  cost 


$  539 
340 
234 

$1,113' 


5  4,000 
40,000 
11,130 


$55,130 


S  11,600 
1,740 

nr/iTo 

7 


$  94,240 
127 


$385,910 

$573,657 


TABLE  5.  COST  ANALYSIS  (Continued) 
0-130  TRANSPARENCY  SYSTEM 
OPTION  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING 


Recurring  cost 


Field  maintenance  windshields 

Total  WUC  attributed  to  ether  than  DDCC  w  (ref  pg  69) 
Total  WUC  attributed  to  DDCC  (ref  pg  69)  ,q.  $152,994 
Service  life  improvement  ($152,994  x  0, 65) ^  }  99,446 

Reduced  field  maintenance  attributed  to  DDCC 


Annual  field  maintenance  tor  revised  concept 
Total  years 

Escalation  factor  1976-1983 


Total  10-year  field  maintenance  for  revised  concept 


$  24,906 

$  53,548 

$  78,454 

10 

_ 1.419 

$1,113,262 


Spares 

Projected  spares  -  869  total  annual  (ref  pg  70) (0.35) 

=304  per  year 

Revised  unit  cost 

$546.27  +  (46%  x  546.27  new  effort)  + 

($633  x  Fca  92%  CRCUUj  at  500) 

$546.27  +  (0.46  x  $546.27)  +  ($633  X  0.5375) 

$546.27  +  $251.28  +  $340.24  =  $1,137.79 
average  unit  cost 

#1,138  avg  unit  cost  x  304  spares/yr  *  $  345,952 

Total  years  10 

Escalation  factor  1976-1983  _ 1.419 

local  10-year  spares  for  revised  concept  $4,909,059 

(8)  DDCC  -  De lamination.  Deterioration,  Cracking,  Chipping,  etc 

(9)  Service  life  factor  of  3,500  hours  to  11,000  hours  experienced  on  DC- 10 
conmercial  airlines  windshields  including  PPG- 112  interlayer  (reference 
3) 

(10)  CRC  -  Crawford's  cost  reduction  curve 


TABLE  5.  COST  ANALYSIS  (Continued) 

C-13Q  TRANSPARENCY  SYSTEM 

/' 

OPTION  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING 

Engineering  Hours  Estimate 

Design,:  Study  materials,  establish  basic  design, 

adapt  to  7  window  installations  350 

•  f  .  1 

Vendor  coordination  140 

Preparation  and  release  of  detail  drawings  224 

Establish  and  release  7  W/5  panel  configurations  280 

(  Establish  and  release  7  W/S  panel  installations  224 

Miscellaneous  changes  -  design  maintenance  72 

1,290 

Stress  350 

Weights  40 

Checking  140 

Materials  and  processing  56 

Project  office  56 

Release  28 


Total  Engineering 


1,960 


muff## 


TABU?.  5.  COST  ANALYSIS  (Continued) 
C-13G  TRANSPARENCY  SYSTEM 
OPTION  1  -  IMPROVE  WINDSHIELD  EDGE  SEALING 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft 
Kit  proof  and  changes 


Flight  Manual 


T.O. :  Airframe  maintenance 

Add  data  to  describe,  install,  and 
maintain  new  installation 

T.O.  revisions 
Material  cost 

T.O. :  Illustrated  parts  breakdown,  add  changed 
data  to  parts  list 

T.O.  revisions 
Material  cost 

T.O. :  Numerical  index 

Added  changed  data 
Cost 

Total  labor  hours 
Material  cost 

This  estimate  is  based  on  inputs  from  the  trapsparency  design  and 
s upport  functions. 


112  hr 
14  hr 
126  hr 


91  hr 
$  35 


130  hr 
$  50 


49  hr 
$  42 

396  hr 
$127 

technical 
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TABLE  5,  COST  ANALYSIS  (Continued) 
C-130  TRANSPARENCY  SYSTEM 
OPTICS  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING 

Annual  Field  Maintenance  Cost/Year 
WUC  Hours /Year 


Dollars /Year 


1111A 

975 

X 

0.67 

=2 

653 

X 

$ 14/hr 

$  9,142 

1111K 

1,620 

X 

0.67 

5= 

1,085 

X 

S 14/hr 

s 

15,190 

1111L 

.1,800 

X 

0.67 

1,206 

X 

$ 14/hr 

16,884 

1111M 

643 

X 

0.67 

- 

431 

X 

$l4/hr 

= 

6,034 

1111N 

1,055 

X 

0,67 

= 

707 

X 

$ 14/hr 

= 

9,898 

111LP 

* 

1,284 

X 

0.67 

= 

860 

X 

$ 14/hr 

= 

12,040 

1111Q 

‘A 

1,825 

X 

0.67 

= 

1,223 

X 

$14/hr 

= 

17,122 

mu 

.  2,264 

X 

0.67 

1,517 

X 

$ 14/hr 

= 

21,238 

11112 

2,029 

X 

0,67 

= 

1,359 

X 

$14/hr 

19,026 

11113 

1,729 

X 

0.67 

= 

1,158 

X 

$ 14/hr 

= 

16,212 

1.1114 

927 

X 

0.67 

621 

X 

$14/hr 

= 

8,694 

11115 

681 

X 

0.67 

73 

456 

X 

$14/hr 

= 

6,384 

11118 

991 

X 

0.67 

=4 

664 

X 

$14/h4 

-  ■  . 

9,296 

1111C 


638 

12757* 


10,740 

Sl77,900 


Total  hours  attributed  to  delamination,  deterioration,  chipping, 
and  cracking  (DDCC)  is  86%  (ref  MAM’s). 

Total  maintenance  hours  attributed  to  DBCC  is; 

$177,900  x  0.86  =  $152,994  Other  than  DDC  =  $24,906 

(11)  Hours /year  from  ALC  data,  reference  9, 

514/hour  includes  direct  labor,  GhA,  and  overhead. 
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TABLE  S.  COST  ANALYSIS  (Concluded) 
C-130  TRANSPARENCY  SYSTEM 
OPTION  1  -  IMPROVED  WINDSHIELD  EDGE  SEALING 

Annual  Spares  Cost  per  Year^^ 


WUC  No. /Year  Unit  Cost  Annual  Cost 


1111A 

89 

X 

0.67 

ai 

60 

X 

370 

22,200 

mix 

117 

X 

0.67 

3 

78 

X 

660 

a 

51,480 

HILL 

232 

X 

0.67 

* 

155 

X 

600 

* 

93,000 

1111M 

50 

X 

0.67 

s 

34 

X 

365 

- 

12,410 

1111N 

118 

X 

0.57 

=: 

79 

X 

390 

= 

30,810 

1111P 

101 

X 

0.67 

s% 

68 

X 

465 

= 

31,620 

1111Q 

136 

X 

0.67 

* 

91 

X 

662 

= 

60,242 

mu 

116 

X 

0.67 

* 

78 

X 

600 

46,800 

11112 

148 

X 

0.67 

99 

X 

660 

= 

65,340 

11.13  3 

192 

X 

0.67 

=s 

129 

X 

647 

9 

83,463 

11114 

76 

X 

0.67 

3 

51 

X 

365 

43 

18,615 

11115 

95 

X 

0.67 

3 

64 

X 

422 

=3 

27,008 

11118 

r^i3 

53 

X 

0.67 

31 

36 

I7TJZI 

X 

425 

57571" 

* 

15,300 

$  5787m 

Average  unit  cost  $558,288  *  1,022  *  $546.27 

Estimated  replacements  repaired  is  151  (from  ALC) . 

Adjusted  annual  spares  cost  **  0.85  x  1,022  =  869  x  $546.27  =  $474,709. 
Total  spares  attribute'!  to  DDCC  is  86%. 

Total  annual  cost  of  DDCC  spares  a  0. 86  x  $474,709  *  $408,250 


(12)  Unit  cost  and  replacement  rates  from  ALC  data  (reference  9) . 
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OPTION  2  (CANDIDATE  2  -  WINDSHIELD  EDGE  HEATER) 


The  problems  associated  with  delaminations,  cracking,  chipping,  and 
deterioration  of  panel  assemblies  can  be  greatly  reduced  by  the  incorporation 
of  windshield  edge  heaters.  Most  of  the  experience  with  edge  heaters  to  date 
has  been  achieved  by  the  airlines.  Airline  maintenance  personnel  who  have 
installed  these  devices  have  indicated  that  the  service  life  of  the  panels  has 
increased  by  factors  of  60  to  100  percent. 

The  edge  heaters  consist  of  very  fine  wire  elements  either  imbedded  in 
the  glass  outer  ply  and  the  interlayer,  or  imbedded  in  a  plastic  ribbon  which 
is  bonded  to  the  outer  surface  of  the  inner  glass  ply  (see  figure  24) .  The 
controls  of  this  device  include  a  thermostat  and  thermofuse  tied  into  an  ac 
bus.  The  incorporation  of  the  edge  heater  is  proposed  for  the  primary  wind¬ 
shields,  center,  front  (IJH  and  RH) ,  clear  vision  (LH  and  RH) . 

Cost  Analysis 

The  annual  savings  for  incorporating  this  device  is  $37,700.  The  basis 
for  this  analysis  is  a  10-year  life  cycle  cost  projection  (refer  to  table  6). 
Unit  costs  and  design  and  installation  procedures  were  obtained  from  Technical 
Heaters,  Inc.  Option  I  and  Option  2  can  be  combined  for  a  total  annual  savings 
of  $174,500. 
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TABLE  6.  COST  ANALYSIS 


C-130  TRANSPARENCY  SYSTEM 
OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 

Summary- 

Present  Concept 

Field  Maintenance 
Spares 

Total  F/M  and  spares  -  10-year  LCC 


Redesign  Concept 

Redesign  and  development 
Field  Maintenance 
Spares 

Kit  installation 

Total  F/M  and  spares,  nonrecurring 
and  recurring  R8D  -  10-year  LCC 


Net  10-year  LCC  cost  saving 
Annual  (average)  savings 


$  324,407 

865,653 
$1,190,060 


$  23,858 
162,196 
432,827 
193.800 

$812,681 

$377,379 
$  37,700 
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TABLE  6.  COST  ANALYSIS  (Continued) 
C-130  TRANSPARENCY  SYSTEM 


f  OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 

Present  Concept 

Field  Maintenance 

^  WUC  total 

(  Total  years 

i  Escalation  factor  1978-1983 

I  Total  cost  10  years 

> 

v 

•i  Spares 


$  23,255 
10 

1.395 

$324,407 


(13) 


$■ 
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/ 

i 
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WUC  total 
Total  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


$  62,054 
10 

1.395 

'$865,683 


Cracked,  de lamination,  and  deterioration  (DDCC)  factor  estimated  from  MAM's 
17.7%  of  86%  (see  page  69).  Therefore,  the  estimated  adjustment  for  improved 
edge  seal  Option  No.  1  is  15.2%  for  applicable  windshields. 

Total  annual  (adjusted)  maintenance  attributed  to  DDCC 

$152, 994 ('14'*  x  0.152  =  $23,255 

Total  annual  (adjusted)  spares  attributed  to  DDCC 

$408,250(15;)  x  0.152  =  $62,054 


(13)  Escalation  factors  (reference  6) 

(14)  Maintenance  hours  attributed  to  DDCC  (refer  to  table  5) 

(15)  Unit  cost  and  replacement  rates  (refer  to  table  5) 


TABLE  6.  COST  ANALYSIS  (Continued) 
C-130  TRANSPARENCY  SYSTEM 
OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 
Redesign  Concept 
Recurring  Cost 
Field  Maintenance 


Total  WUC  attributed  to  delamination  (pg  73) 
Service  life  improvement  ($23,255  x  0.50)^  } 
Annual  field  maintenance  for  revised  concept 
Total  years 

Escalation  factor  1978-1983 


$23,255 

[11,628] 

$  11,627 
10 

1.395 


Total  10-year  field  maintenance  revised  concept 


$162,196 


Spares 

Spares  attributed  to  delamination  (pg  73)  $62,054 


Projected  spares  with  edge  heaters  (62,054  x  0.5)  =  $  31,047 

Total  years  10 

Escalation  factor  _ 1.395 

Total  10- year  spares  for  revised  concept  $432,827 

Estimated  kit  cost  (edge  heater)  $62S  ea  x  151. 049 ^ >  -  94,400 

Estimated  installation  cost  10.0  hr  x  $14  x  710  =  99,400 

Total  kit  cost  for  fleet  $193,800 


(16)  Service  life  projection  based  on  Continental  Airlines  727  operational 
experience 

(17)  Total  aircraft  in  fleet  -  710  aircraft 

Kit  cost  is  $125  each  for  five  primary  windshields 
Projection  on  80i  CRC  for  total  kit  cost  *  151.049 


TABLE  6,  COST  ANALYSIS  (Continued) 
C- 130  TRANSPARENCY  SYSTEM 
OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 
Redesign  Concept 

Nonrecurring  Cost 
Tooling  -  No  effort  required. 

Engineering 


Design 

TCTO 

Total  labor 
Rate 

Total  labor  dollars 
Material  dollars 
Total  engineering  dollars 


Certification 

Engineering 

Testing 

Total  certification 
Total  certification 


Total  nonrecurring  cost 


177  hr 
68  hr 
2  4  ?  hr 
$ 40/hr 


$1,500 

500 

$2,000 


$5/800 

58 

$5,858 


514,000 


$23,858 
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TABLE  6.  COST  ANALYSIS  (Continued) 
C-130  TRANSPARENCY  SYSTEM 


OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 

Engineering  Hours  Estimate 

Design:  Study  materials,  establish  basic  design, 
adapt  window  installations 

Vendor  coordination 

Prepare  and  release  drawings 

Establish  and  release  W/S  panel  configurations 

Establish  and  release  W/S  panel  installations 

Miscellaneous  changes  *  design  maintenance 

Stress 

Checking 

Materials  and  processing 
Project  office 
Release 


Total  Engineering 


TABLE  6.  COST  ANALYSIS  (Concluded) 
C-130  TRANSPARENCY  SYSTEM 


4 


OPTION  2  -  WINDSHIELD  EDGE  HEATER  INSTALLATION 
Technical  Order  Support 

TCTO-  Authorize  field  modification  to  aircraft  12  hr 

Kit  proof  and  changes  10  hr 

Tl  hr 


Flight  Manual 

T.C.:  Airframe  maintenance 

Add  data  to  describe,  install  and 
maintain  new  installation 

14  hr 
$20 


T.0, :  Illustrated  parts  breakdown,  add  changed  data 
to  parts  list. 

T.O.  revisions 
Material  cost 


T.O. :  Numerical  index  - 

Add  changed  data  7 

Material  cost 


25  hr 
$25 


T.O.  revisions 
Material  cost 


Total  labor  hours  >ir 

Cost  $58 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 
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SECTION  VI 


CH-S3  TRANSPARENCY  SYSTEM  DESIGN 

IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DE  RIPTIQN 

The  CH-S3  transparency  configuration  for  the  crew  compartment  includes  a 
three-segment  windshield,  six  forward  cabin  windows,  and  two  side -viewing 
windows  as  shown  in  figure  26.  The  windshields  are  laminated  two-ply  acrylic 
panels  with  a.  vinyl  interlayer  including  heating  provisions.  The  remaining 
crew  compartment  windows  are  monolithic  (singie-ply)  acrylic  as  depicted  in 
figure  27. 


FAILURE  ANALYSIS 


Analysis  indicates  that,  the  most  serious  problem  in  maintaining  CH-S3 
transparencies  is  the  excessive  abrasions  and  scratches  caused  by  the  wind¬ 
shield  wiper  operation  on  acrylic  surfaces.  Data  extracted  from  AFM  66-. 1 
reveals  that  scratching,  crazing,  and  cracking  contribute  approximately  59 
percent  of  the  total  expenditure  for  maintaining  the  Qi-53  transparency  system. 
A  considerable  amount  of  abrasions  is  caused  by  improper  cleaning  and  ground - 
nandlijng  procedures.  Field- level  maintenance  personnel  indicate  that  many  of 
the  failures  were  attributed  to  delamination  caused  by  the  windshield  heaters. 
Additional  causes  of  failures  for  both  windshields  and  cabin  window  are  envi¬ 
ronmental  and  weather  g  factors. 


The  description  of  these  failures  as  diagramed  in  the  fault  trees,  figures 
2S  and  29,  were  assembled  from  the  MAM's  program.  Figures  30  and  31  present 
and  summarize  the  more  significant  How-mals,  action  taken,  and  probable  cau.ce 
of  failure.  The  failure  inode  descriptors  in  combination  with  flight  hours, 
maintenance  hours,  and  logistical  cost  are  contained  in  the  sampling  MAM's 
tabulation  shown  in  figure  A- 4  of  Appendix  A. 
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CH-S3  TRANSPARENCY  SYSTEM  DESIGN 
IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  CH-53  transparency  configuration  for  the  crew  compartment  includes  a 
three -segment  windshield,  six  forward  cabin  windows,  and  two  side -viewing 
windows  as  shown  in  figure  26.  The  windshields  are  laminated  two-ply  acrylic 
panels  with  a  vinyl  interlayer  including  heating  provisions.  The  remaining 
crew  compartment  windows  are  monolithic  (single-ply)  acrylic  as  depicted  in 
figure  27. 


FAIUJRE  ANALYSIS 


Analysis  indicates  that  the  most  serious  problem  in  maintaining  CH-53 
transparencies  is  the  excessive  abrasions  and  scratches  caused  by  the  wind¬ 
shield  wiper  operation  on  acrylic  surfaces.  Data  extracted  from  AFM  66-1 
reveals  that  scratching,  crazing;  and  cracking  contribute  approximately  59 
percent  of  the  total  expenditure  for  maintaining  the  CH-53  transparency  system. 
A  considerable  amount  of  abrasions  is  caused  by  improper  cleaning  and  ground¬ 
handling  pi'ocedures.  Field- level  maintenance  personnel  indicate  that  many  of 
the  failures  were  attributed  to  delamination  caused  by  the  windshield  heaters. 
Additional  causes  of  failures  for  both  windshields  and  cabin  window  are  envi¬ 
ronmental  and  weathering  factors. 

The  description  of  these  failures  as  diagramed  in  the  fault  trees,  figures 
23  and  29,  were  assembled  from  the  MAM’s  program.  Figures  30  and  31  present 
and  summarize  the  more  significant  How-mals,  action  taken,  and  probable  cause 
of  failure.  The  failure  mode  descriptors  in  combination  with  flight  hours, 
maintenance  hours,  and  logistical  cost  are  contained  in  the  sampling  MAM's 
tabulation  shown  in  figure  A-4  of  Appendix  A. 
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SECTION  VI 


CH-S3  TRANSPARENCY  SYSTEM  DESIGN 

IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  CH-S3  transparency  configuration,  for  the  crew  compartment  includes  a 
three -segment  windshield,  six  forward  cabin  -windows,  and  two  side-viewing 
windows  as  shown  in  figure  26.  The  windshields  are  laminated  two-ply  acrylic 
panels  with  a  vinyl  interlayer  including  heating  provisions.  The  remaining 
crew  compartment  windows  are  monolithic  (single-ply)  acrylic  as  depicted  in 
figure  27. 


FAILURE  ANALYSIS 


Analysis  indicates  that  the  most  serious  problem  in  maintaining  CH-S3 
transparencies  is  the  excessive  abrasions  and  scratches  caused  by  the  wind¬ 
shield  wiper  operation  on  acrylic  surfaces.  Data  extracted  from  AFM  6o-l 
reveals  that  scratching,  crazing,  and  cracking  contribute  approximately  S9 
percent  of  the  total  expenditure  for  maintaining  the  OU-53  transparency  system. 
A  considerable  amount  of  abrasions  is  caused  by  improper  cleaning  and  ground- 
handling  procedures.  Field- level  maintenance  personnel  indicate  that  many  of 
tne  failures  were  attributed  to  deiamination  caused  by  the  windshield  heaters. 
Additional  causes  of  failures  for  both  windshields  and  cabin  window  are  envi¬ 
ronmental  and  weathei'ing  factors. 

The  description  of  these  failures  as  diagramed  in  the  fault  trees,  figures 
23  and  29,  were  assembled  from  the  MAM’s  program.  Figures  30  and  31  present 
and  summarize  the  more  significant  How-mals,  action  taken,  and  probable  cause 
of  failure.  The  failure  mode  descriptors  in  combination  with  flight  hours, 
maintenance  hours,  and  logistical  cost  are  contained  in  the  sampling  MAM's 
tabulation  shown  in  figure  A-4  of  Appendix  A. 
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Figure  27.  Gl-53  Windshield,  Cabin  Window  Support  Structure 


Figure  28.  Fault  Tree  QI-53  Windshield  Assembly 


Figure  29.  Fault  Tree  Gi-53  Window  Assembly 


CANDIDATE  DESIGN  IMPROVEMENTS 


It  was  concluded  from  examination  of  the  failure  analysis  data  and  results 
that  the  following  candidate  improvements  should  be  considered  and  investi¬ 
gated: 

1.  Incorporate  glass  outer  ply  and  PPG  liner  material  layer  bonded  to 
the  inner  ply  of  acrylic  for  pilot's  and  copilot's  windshields  for 
improved  abrasion  resistance. 

2.  Incorporate  PPG- liner  material  bonded  to  the  inner  and  outer  surfaces 
of  the  center  windshield  for  improved  abrasion  resistance. 

3.  Incorporate  improved  windshield  frame  for  improved  sealing. 

4.  Incorporate  PPG- liner  material  bonded  to  the  inner  and  outer  surfaces 
of  cabin  windows  for  improved  abrasion  resistance. 

5.  Incorporate  "lube  blade"  windshield  wiper. 

INVESTIGATION  AND  RATIONALE  FOR  SELECTED  CANDIDATES 

CANDIDATE  1  -  GLASS  AND  PPG- LINER  MATERIAL,  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELD 

The  predominant  failure  modes  for  the  pilot's  and  copilot's  windshield  are 
caused  by  the  abrasions  and  scratching  due  to  windshield  wipers.  The  elimina¬ 
tion  of  the  problem  can  best  bo  accomplished  by  the  incorporation  of  a  glass 
outer  ply.  To  reduce  the  abrasions  that  are  causing  degraded  optical  qualities 
to  the  inner  surface,,  the  incorporation  of  a  new  PPG- liner  material  laminate 
is  proposed.  This  configuration  results  in  a  multilaminate  of  glass,  acrylic, 
and  PPG  urethane  (liner  material) . 
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CANDIDATE  2  -  STRETCHED  ACRYLIC  AND  PPG -LINER  MATERIAL  FOR  CENTER  WINDSHIELD 


The  principal  problem  affecting  the  optical  qualities  of  the  center  wind¬ 
shield  panel  is  attributed  to  excessive  abrasions  and  scratching.  The  inclu¬ 
sion  of  the  PPG-liner  material  bonded  to  the  outer  surfaces  of  both  the  inner 
and  outer  plies  is  believed  to  offer  a  significant  improvement  in  service 
life. 

CANDIDATE  5  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEATING 

The  problem  of  delamination  for  this  configuration  is  generally  attributed 
to  the  windshield  heater.  Maintenance  personnel  indicate  that  the  onset  of 
peripheral  delamination  is  most  often  caused  by  moisture  penetration.  It  is 
therefore  proposed  that  improved  edge  sealing  be  accomplished  by  a  small 
modification  of  the  windshield  support  frames. 


CANDIDATE  4  -  PPG-LINER  MATERIAL  FOR  CABIN  WINDOWS 

The  remaining  crew  compartment  windows  are  also  subject  to  high  levels  of 
abrasion  and  scratching  similar  to  that  experienced  by  the  primary  windshields. 
Although  flight  crew  expressed  the  desire  that  the  remaining  crew  compartment 
window  optical  qualities  be  improved,  they  are  more  tolerant  of  scratches  and 
abrasions  of  these  windows.  It  is  for  this  rtason  that  the  replacement  rates 
for  the  crew  compartment  windows  are  considerably  less  than  the  primary 
windshields.  .As  these  aircraft  increase  in  age,  it  is  expected  the  replacement 
rate  will  increase  significantly  due  to  constant  exposure  to  environmental  and 
weathering  factors..  It  is  therefore  recommended  that  design  improvements  for 
these  windows  be  considered  as  a  follow-on  study. 


CANDIDATE  5  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

The  scratching  of  the  windshield  panels  is  believed  to  be  induced  by  the 
initial  wiper  blade  action  on  a  dusty  grime-covered  surface.  The  "lube  blade" 
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concept  directs  the  wash  fluid  at  the  immediate  point  of  contact.  This 
concept  offeis  potential  improvement  where  it  is  desired  to  retain  the  plastic- 
type  windshield. 


SELECTED  TRADE  STUDIES 


Based  on  the  cost  analysis  as  contained  in  this  section,  the  following 
candidates  are  recommended  for  implementation.  These  design  improvements  are 
presented  as  "options"  for  the  incorporation  of  one  or  more  features  designed 
to  reduce  logistical  support  costs. 

The  analyses  of  Options  1,  2,  and  3  were  performed  so  that  costs  for  the 
individual  options  could  be  determined,  or  the  cost  of  the  options  collectively 
be  combined.  It  should  be  noted,  however,  that  Option  4  should  not  be  added 
to  1,  2,  and  3  because  they  have  varying  impact  on  common  maintenance  effort 
and/or  spare  parts. 


PROPOSED  CHANGE  OPTIONS 

OPTION  1  (CANDIDATE  1  -  GLASS  AND  PPG  LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S 
WINDSHIELD) 

The  proposed  change  to  significantly  reduce  or  eliminate  the  scratching 
and  abrasion  problems  is  to  incorporate  a  multilaminate  glass,  acrylic,  and 
PPG- liner  material  configuration  for  the  pilot's  and  copilot's  windshield 
assemblies.  The  existing  design  consists  of  an  inner  and  outer  ply  of 
stretched  acrylic  with  a  PV8  interlayer  as  shown  in  figure  27.  The  proposed 
design  (see  figure  32)  is  also  configured  as  a  multilaminate  construction. 

The  outer  ply  is  0.050- inch  Chemcor  glass  to  provide  protection  against  scrat¬ 
ching  and  spalling.  For  improved  resistance  to  cold  chipping,  a  PPG  112 
interlayer  is  reconmended.  The  remaining  plies  consist  of  0.190-inch  stretched 
acrylic  structural  ply  banded  to  a  layer  of  0.020- inch  PPG- liner  material. 


OPTION  I  -  GLASS  AND  PPG-LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S 
WINDSHIELDS 


1  tem 

Area 

( i  n  .  2 / AV ) 

Windshield 
(p i lot/cop i 1 ot) 

1  ,630 

Existinq  desiqn  Proposed  desiqn  ,,  .  , 

_ L _  ....  Weight 

Config  &  thick-  yt  penalty 

ness  (in.)  (lb)  (lb) 


(  0.062  S-900 
0.075  PVB 
0.190  S/A 


25.6 


0.050  Chemcor 
0.057  l/L 
0. 190  S/A 
0.020  PPG-LM 


b/A  =  stretched  acrylic 

l/L  =  interlayer 

PPG-LM  =  PPG  urethane  liner  material 

PVB  =  poly  vinyl  butyral 

AV  =  air  vehicle 

OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG  LINER  MATERIAL  FOR  CENTER 
WINDSHIELD 


Weight 


Cen  ter 
wi  ndsh i e 1 d 


Existing  design 


Proposed  design 


(in.2/AV) 


576 


Config  S  thickness 

Wt 

Conf ig  &  thick- 

(in.) 

Ob) 

— 

ness  (in.) 

0.062  S-900 
0.075  PVB 
0. 190  S/A 


0.062  PPG-LM 
0.055  l/L 
0. 190  S/A 
0.020  PPG-LM 


Weight 
penal ty 
(lb) 


Neg I  ig  i b  1  e 


OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 
Weight  increase  considered  negligible 


Figure  32.  CH-53  Transparency  Design  Data 
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The  liner  material  being  considered  for  the  applications  is  currently 
being  developed  by  PPG  Industries.  The  new  liner  material  will  significantly 
improve  the  abrasion  resistance  of  current  plastic  glazing  materials.  This 
new  liner  can  be  applied  to  the  inboard  and  outboard  surfaces  of  glass, 
acrylic,  and  polycarbonate  glazing  materials.  Based  on  PPG  estimates,  use  of 
this  liner  on  the  inboard  surfaces  of  the  center,  pilot's,  and  copilot's 
windshields  should  increase  the  life  of  those  surfaces  by  a  factor  of  3  to  4. 
Glass  spall  sheets  are  recommended  for  the  outboard  surfaces  of  the  pilot's 
and  copilot's  windshields  to  increase  service  life  of  those  panels  subjected 
to  windshield  wiper  operation. 


Cost  Analysis 

The  annual  savings  in  the  cost  of  maintaining  and  sparing  option  1,  the 
incorporation  of  the  PPG- liner  material  in  the  pilot's  and  copilot's 
windshields,  is  estimated  to  be  $45,300.  This  is  based  on  a  cost  trade 
analysis  (refer  to  table  7)  developed  for  a  10-year  life  cycle  costing.  The 
source  of  maintenance  hours,  number  of  spares,  and  unit  cost  was  data  provided 
by  the  Warner  Robins  ALC,  reference  10.  An  additional  source  for  the  cost 
analysis  supporting  this  study  was  the  data  collected  from  the  field  audits  of 
the  original  study  plus  the  data  obtained  from  the  operational  Air  Force  Base 
listed  in  Section  II.  The  combination  of  these  data  was  correlated  with  the 
AFM  60-1  MDC  data  used  as  the  data  base  for  all  these  studies.  Options  1,  2, 
and  3  can  be  combined  for  a  total  annual  savings  of  $66,600. 


Reference  10.  Donald  M.  Bohler,  It  Col  USAF,  "Acquisition  of  logistical 

Support  and  Cost  Data  for  CH-53  Windshield  and  Window  System," 
AFlC  Letter  WR-ALd/NMSRCK,  Headquarters  Warner  Robins  Air- 
logistics  Center  (AFLC),  Robiais  Air  Force  Base,  Georgia  31098, 
21  March  1979. 
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TABLE  7.  COST  ANALYSIS 


CH-53  TRANSPARENCY  SYSTEM 

OPTION  1  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT’S  WINDSHIELDS 

Summary 

Present  Concept 

Field  Maintenance  $  108,903 

Spares  968,240 

Total  F/M  and  spares  -  10-year  LCC  $1,077,143 

Redesign  Concept 

Redesign  and  development  $  32,785 

Field  Maintenance  64,068 

Spares  527,438 

Total  F/M,  spares  and  nonrecurring 

and  recurring  RqD  -  10-year  LCC  $624,291 


10 -year  LCC  savings 
Annua]  (average)  savings 


$452,852 
$  45,300 


TABLE  7.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  1  -  GLASS  AND  PPG 'LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 


Present  Concept 

Field  Maintenance 

WUC  partial  1111B  and  1111C  (see  page  97) 
Total  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


Spares 

WUC  partial  1111B  and  1111C  (see  page  97) 
Total  years 

Escalation  factor  197C  Ho3 
Total  cost  10  years 


$  8,890 


10 

1.225 


(18) 


$  79,040 
10 

1.225 
OT7ZT0 - 


(18)  Escalation  factors  (reference  6) 
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TABLE  7.  COST  ANALYSIS  (Continued) 

CH-S3  TRANSPARENCY  SYSTEM 

OPTICS  1  -  GLASS  AND  PPG -LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT’S  WINDSHIELDS 
Redesign  Concept  -  Nonrecurring 


Tooling  -  No  effort  required. 

Engineering 

Design 

TCTO 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor  dollars 
Engineering  material 
Total  engineering 

Certification 


Engineering 

Testing 

Panel  fabrication  ncn 
(3  x  $2,190) 

Total  certification/panel 
Panel  certification  x  1  L/H 

Total  nonrecurring  cost 

(19)  Current  panel  cost 

.Added  effort  (50%  current) 
(reference  1) 


348 

100 

W 

$40/hr 


$  750 

$7,500 

$6,570 


$l,460/&vg  unit 
730 

^2715ff/avg  unit 


$17,920 

45 

SI7yS63 

i . 


$14,320 

$32,785 


(19)  Current  panel  cost  (reference  10) 
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TABLE  7.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  1  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PIIOT’S  AND  COPILOT'S  WINDSHIELDS 
Redesign  Concept  -  Recurring  Cost 


Field  Maintenance 

Total  WUC  attributed  to  SDCC^"^  (ref  page  97) 

415  hr  at  $14/hr  = 

Service  life  improvement  $5,810  x  0.63  = 

Reduction  of  field  maintenance  attributed  to  SDCC 
Total  WUC  attributed  to  other  than  SDCC 

220  at  $ 14/hr  = 

Annual  field  maintenance  for  release  concept 
Total  years 

Escalation  factor  1978-1983 
Total  10-year  field  maintenance  revised  concept 


Spares 


Total  annual  spares 

0.35%  reduction 
Total  years 

Less  spares  on  hand 
Projected  spares 

Revised  unit,  cost 
(ref  2)  remaining  unchanged 

Current  unit  cost 
%  added  effort  (45% 
current  unit  cost) 

Escalation  factor  1978-1983 


LH 


38 


0.35 

"1373“ 


10 

133 


-18 

H3 


LH 


$1,480 

666 

vrrffi — 

1.225 

3X3ZS - 


LH  115  units  at  $2,629  * 

RK  88  units  at  $2,558  =■ 

Total  10-year  spares  for  redesigned  concept 


$  5,810 
-3,660 
$  2,l50 

3,080 
~ XI31 
10 

3317300- 

1.225 
$64 , 058 


RH 

26 

0.35 

971“ 

10 

“01 — 
-3 

~SS - 

RH 


$1,440 

648 

IXOSS- — 

1.225 

$'27335 


$302,335 

$225,104 


(20)  Maintenance  hours  attributed  to  SDCC  denotes  How-Mal's  -  scored, 
scratched,  delaminated,  crazed,  cracked,  etc. 
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TABLE  7.  COST  ANALYSIS  (Continued) 

'  TRANSPARENCY  SYSTEM 

OPTION  i  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 
Engi  ring  Hours  Estimate 

Design  study  materials,  establish  basic  design, 


adapt  to  two -window  installation  76 

Vendor  coordination  30 

Establish  and  release  two  W/S  Rli/LH  configurations  60 

Establish  and  release  two  W/S  installations  48 

Miscellaneous  changes  -  design  maintenance  24 

Subtotal  238 

Stress  60 

Checking  24 

Materials  and  processing  10 

Project  office  10 

Release  6 

Subtotal  110 

Total  Engineering  348 


TABLE  7.  COST'  ANALYSIS  (Continued) 


CH-53  TRANSPARENCY  SYSTEM 

OPTION  1  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft  36  hours 

Kit  proof  and  changes  6  hours 

TZ  hours 


Flight  Manual 

T.O.  :  Airframe  maintenance 

Add  data  to  describe,  install  and 
maintain  new  installation 

T.O.  revisions 
Material  cost 


15  hours 
$10 


T.O. : 


Illustrated  parts  breakdown,  ?dd  changed  data 
to  parts  list 


T.O.  revisions 
Material  cost 


35  hours 
$23 


T.O. :  Numerical  Index  -  1  pp 

Add  changed  data 
Material  cost 


8  hours 
$12 


Total  labor  hours 
Cost 


100  hours 
$45 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 
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TABLE  7.  COST  ANALYSIS  (Concluded) 
CH-53  TRANSPARENCY'  SYSTEM 


Annual  Field  Maintenance  Cost/Years 


(21) 


Ni)C 

Total 

Hr/Yr 

Option  1 

Hr  y 

Option  2 

Hr  T' 

Option  3 

Hr  $ 

Total 

1111B 

574 

34x 

4,774 

281 

3,262 

$  8,036 

U1JC 

492 

294 

4,116 

194 

2,772 

6  ,S88 

1111D 

205 

161  2,254 

44 

616 

2,870 

1,271 

655 

8,890 

161  2,254 

475 

6,650 

$17,794 

Maintenance  rate  $14, 00/hi*  from  K015  IROS. 

$14. 00/hour  includes  direct  labor,  G$A,  and  overhead. 

Lube  blade  factor  35%  of  pilot's  and  copilot's  windshields 
maintenance  effect. 


Annual  Spares 

Cost/Year 

J7JC_ 

Unit  Cost 

Option  1 

Option  2 

Option  3 

Spares/Cost 

Spares/Cost 

Spares/Cost 

1111B 

1I11C 

1111D 

$1,480 

$1,440 

$1,010 

32/$47,360 

2 2/ $31, 680 

54/579,0471 

17/ $17, 170 
17/517, ITT 

6/$  8,880 
4/$  5 , 760 
3/$  3,030 
T57I177F/U 

Spares/Cost 


Option  1 
Option  2 
Option  3 
Total  spares 


S4/$  79,040 
17/  17,170 
15/  17,670 

B4/$hj;mf 


iZl)  Hours/year  from  ALC  data,  reference  10. 

(22)  Unit  costs  and  replacement  rates  from  ALC  data,  reference  10. 


OPTION  2  (CANDIDATE  2  -  STRETCHED  ACRYLIC  AND  PPG  LINER  MATERIAL  FOR  CENTER 
WINDSHIELD) 

The  center  windshield  panel  is  also  subject  to  excessive  scoring  and 
scratching  due  to  ground  handling  and  cleaning  procedures  and  to  environmental 
factors.  It  is  therefore  proposed  that  a  multilaminate  containing  two  plies 
of  PPG- liner  material  with  an  improved  PPG- 112  interlayer  (0. 05 S- inch)  be 
substituted  for  the  existing  PVB  interlayer.  The  proposed  configuration  will 
consist  of  a  0.062-inch  PPG -liner  material  outer  ply,  the  PPG- 112  interlayer, 
and  a  0.020-inch  outer  layer  of  PPG-liner  material  bonded  to  a  0.190-inch 
stretched  acrylic  structural  ply.  Figure  32  shows  a  comparison  of  the  existing 
design  and  the  proposed  design.  The  principal  advantage  of  the  proposed 
configuration  is  a  significant  increase  in  abrasion  resistance  for  negligible 
weight  change. 


Cost  Analvsis 


The  annual  savings  in  the  cost  of  maintaining  and  providing  spares  for 
option  2,  i.e.,  the  incorporation  of  a  multi laminate  PPG-liner  material  concept 
for  the  center  windshield,  is  estimated  to  be  $10,200.  Table  8  presents  a 
detailed  cost  trade  analysis  as  proposed  for  this  configuration.  The  data 
source  used  in  this  option  is  the  same  as  that  discussed  for  option  1.  Options 
1,  2S  and  3  can  be  combined  for  a  total  annua.1  savings  cf  $66,600. 
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TABLE  8.  COST  ANALYSIS 


CH-S3  TRANSPARENCY  SYSTEM 

OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG -LINER  MATERIAL  FOR  CENTER  WINDSHIELD 

Sinrmary 

Present  Concept 

Field  Maintenance  $  27,612 

Spares  210,333 

Total  F/M  and  spares  -  10-year  LCC  $237,945 

Redesign  Concept 

Redesign  and  development  $  22,645 

Field  Maintenance  19,943 

Spares  93,340 

Total  F/M,  spares  and  nonrecurring 

and  recurring  R5D  -  10-year  LCC  $135,928 

10-year  LCC  savings  $102,017 

Annual  (average)  savings  $  10,200 
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TABLE  8.  COST  ANALYSIS  (Continued) 
CH-S3  TRANSPARENCY  SYSTEM 


OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG -LINER  MATERIAL  FOR  CENTER  WINDSHIELD 


Present  Concept 

Field  Maintenance 

WUC  partial  1111D  (see  Option  1,  page  97) 
Total  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


$  2,254 
10 

1.225 

$'277612 


(23) 


Spares 

WUC  partial  1111D  (see  Option  1,  page  97)  $  17,170 
Total  years  10 
Escalation  factor  1978-1983  1 
Total  cost  10  years  $210,333 


(23)  Escalation  factors  (reference  6) 


TABLE  8.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  2  -  STRETCHED  ACRYLIC  AND  PPC- LINER  MATERIAL  FOR  CENTER  WINDSHIELD 


Redesign  Concept  -  Nonrecurring 


ToQj inb  -  No  effort  required. 


Design 

TCTO 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor  dollars 
Engineering  material 
Total  engineering 


172  hr 
74  hr 
24  6  hr 
$ 40/hr 
$9,840 
10 
$'9, 


$9,850 


Certification 

Current  panel  cost 
Added  effort  (50%  current) 

Number  of  panels 


$  1,010/unit 
505/unit 


Engineering 

Testing 

Total  certification/panel 
Total  nonrecurring  cost 


$  750 


$12,795 

$22,645 
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TABLE  8.  COST  ANALYSIS  (Continued) 

CH-53  TRANSPARENCY  SYSTEM 

OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG- LINER  MATERIAL  FOR  CENTER  WINDSHIELD 
Redesign  Concept  -  Recurring  Cost 


Field  Maintenance 


Total  WUC  attributed  to  SDCC^“  1  (see  page  9?) 

71  hr  at  $ 14/hr  = 

Service  life  improvement  $994  x  0.63  = 

Reduction  of  field  maintenance  attributed  to  SDCC 
Total  WUC  attributed  to  other  than  SDCC 

90  hr  at  $ 14/hr  = 
Annual  field  maintenance  for  revised  concept 
Total  years 

10-year  field  maintenance  for  revised  concept 
Escalation  factor  1978-1983 
Total  10-year  field  maintenance  revised  concept 


$  994 

-626 


$  1,260 


10 

$16,280 

1.22S 


Spares 


Center  total  annual  spares 
Reduction  factor 


20 

0.35 


Total  years 

Less  spares  on  hand 

Projected  total  number  of  spares 


-18 _ 

52  units 


Revised  unit  cost 

Remaining  unchanged  current  unit  cost 
%  added  effort  (451  of  current  unit  cost) 
Adjusted  current  unit  cost 
Escalation  factor  1978-1983 


$  1,010 

455 

1.225 


Total  10-year  spares  for  redesigned  concept 


52  units 


(24)  Maintenance  hours  attributed  to  SDCC  denotes  How-Mal's  -  scored, 
scratched,  delaminated,  crazed,  cracked.  SDCC  =  71  hr  other  than 
SDCC  »  161  -  71  -  90  (estimate  from  MAM’s). 


TABLE  8.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG  -LINER  MATERIAL  FOR  CENTER  WINDSHIELD 


Engineering  Hours  Estimate 

Design  study  materials,  establish  basic  design, 

adapt  to  one-window  installation  38 

Vendor  coordination  15 

Establish  and  release  center  windshield  configuration  30 

Establish  and  release  center  windshield  installations  24 

Miscellaneous  changes  -  design  maintenance  12 

Subtotal  119 

Stress  30 

Checking  12 

Materials  and  processing  4 

Project  office  4 

Release  3 

Subtotal  53 

Total  Engineering  172 
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TABLE  8.  COST  ANALYSIS  (Concluded) 


CH-53  TRANSPARENCY  SYSTEM 
OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG -LINER  MATERIAL  FOR 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft 
Kit  proof  and  changes 


Flight  Manual 

T.O. :  Airframe  maintenance 

Add  data  to  describe,  install  and 
maintain  new  installation 

T.O.  revisions 
Material  cost 


T.O. :  Illustrated  parts  breakdown,  add  changed  data 
to  parts  list 

T.O.  revisions 
Material  cost 


T.O. :  Numerical  Index 

Add  changed  data 
Material  cost 


Total  labor  hours 
Cost 


CENTER  WINDSHIELD 


27  hours 
4  hours 
hours 


11  hours 

$3 


26  hours 
$5 


6  hours 
$2 


74  hours 
$10 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 


OPTION  3  (CANDIDATE  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING) 


Data  from  both  field  audits  of  operation  level  and  from  the  AFM  66-1  MDC 
system  indicates  that  35  percent  of  windshield  failures  are  attributed  to 
delaminations,  cracking,  etc,  due  to  moisture  penetration.  A  secondary  effect 
is  the  onset  of  corrosion,  especially  for  those  helicopters  operating  in  the 
coastal  areas.  In  order  to  substantially  reduce  this  problem,  it  is  proposed 
that  the  framing  and  support  modification  as  shown  on  figure  33  be  incorpo¬ 
rated.  The  principal  modification  to  accomplish  this  change  is  a  seal  plate 
that  is  affixed  to  the  juncture  of  the  windshield  column  and  windshield  panel 
edge  member. 


The  annual  savings  for  incorporating  this  modification  is  $11,100.  The 
basis  for  this  analysis  is  a  10-year  life  cycle  cost  projection  (refer  to 
table  9).  Specific  expenditures  for  the  maintenance  hours  and  associated 
costs  were  developed  from  estimates  made  from  the  allowances  from  windshield 
panel  edge  members  and  the  work  unit  code  assigned  to  frames.  Options  1,  2, 
and  3  can  be  combined  for  a  total  annual  savings  of  $66,600. 
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Figure  33.  (31-53  Proposed  Windshield  Panels  Arrangement 


TABLE  9.  COST  ANALYSIS 


CH-53  TRANSPARENCY  SYSTEM 

OPTICS  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 

Sumnary 

Present  Concept 

Field  Maintenance  $  81,462 

Spares  216,458 

Total  F/M  and  spares  -  10-year  LCC  $297,920 

Redesign  Concept 

Redesign  and  development  $  49,043 

Field  Maintenance  51,107 

Spares  86,579 

Total  F/M,  spares  and  nonrecurring 

and  recurring  R§D  -  10-year  LCC  $186,729 

10-year  LCC  savings  $111,191 

Annual  (average)  savings  $  11,100 
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TABLE  9.  COST  ANALYSIS  (Continued) 
CH-S3  TRANSPARENCY  SYSTEM 


OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Present  Concept 

Field  Maintenance 

WUC  partial  1111B,  1111C,  and  1111D 

(See  Option  1,  page  97) 

Total  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


$  6,650 

10 

1.225(25) 
$  81,T&2 


Spares 

WUC  partial  1111B,  1111C,  and  1111D 

(See  Option  1,  page  97) 

Total  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


$  17,670 

10 

1.225 

$216,458 


(25)  Escalation  factors  (reference  6) 
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TABLE  9.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Redesign  Concept,  Nonrecurring 
Tooling  (Windshield  frame,  center  RH/LH) 

Strip 

PFP  10  hours 

HDP  100  hours 

HTF  40  hours 

Molded  silicone  seal 

Mold  40  hours 

SRD  2S  hours 

Total  tooling  hours  '2T5~hours 

Labor  rate  $40/hours 

Total  tooling  labor 
Tooling  material  at  $6 ,00/hr 
Total  tooling  dollars  per  each  configuration 
Three  configurations 
Total  tooling 


I  8,600 
1,290 
$'  9,S90 
3 

$29",  670 


Engineering 

Design  322 

TCTO  87 

Total  engineering  labor  4(59 

Engineering  labor  rate  $40/hour 

Engineering  labor  dollars 
Engineering  material 
Total  engineering 

Certification 

Engineering  By  comparison  $1,500 

Testing  to  similar  parts 

Frame  fabrication 

Total  certification/panel  $1,500 

Total  certification  2  panel  frames 


m: w 

13 

315^7? 


3,000 


Total  nonrecurring  cost 


$49,043 
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TABLE  9.  COST  ANALYSIS  (Continued) 
CH-S3  TRANSPARENCY  SYSTEM 

OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Field  Maintenance 


Total  WUC  attributed  to  SDCC  281  hr  at  314/hr 
Service  life  improvement:  $3,934  x  0.63  = 

Reduction  of  field  maintenance  attributed  to  SDCC 
Total  WUC  attributed  ,to  other  than  SDCC 

194  hr  at  $14/hr  = 

Annual  field  maintenance  for  release  concept 
Total  years 

Escalation  factor  1978-1983 

Total  10-year  field  maintenance  revised  concept 


No.  of  spares 
Reduction  factor 

Total  years 


38 

0.35 

ITT* 

10 

133 - 


RH 


26 

0.35 

T7T 

10 

31 - 


3.3%  of  spares  R5R  for 
How -Mai  Code  190 

Projected  unit  cost^22^ 


Total  projected  spares  $42,800  +  $15,382  +  $28,397  *  386,579 
(221 

Projected  unit  cost^ 


LH  =  $1,480  x  1.45  =  $2,146 
RH  =  $1,440  x  1.45  =  $2,088 
CTR  =  $1,010  x  1.45  =  $1,465 


(26)  SDCC  denotes  How-Mal's  SDCC  =  281  hours,  other  than  SDCC  =  194  hours  - 

scored,  scratched,  delaminated,  crazed,  cracked.  (Estimated  from  MAM's.) 
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TABLE  9.  COST  ANALYSIS  (Continued) 

CH-53  TRANSPARENCY  SYSTEM 

OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 

Engineering  Hours  Estimate 

Design  study  materials,  establish  basic  design, 

adapt  to  three  window  installations  80 

Vendor  coordination  15 

Prepare  and  release  drawing  of  three  frames  54 

Establish  and  release  3  W/S  configurations  30 

Establish  and  release  3  W/S  installations  24 

Miscellaneous  changes  -  design  maintenance  12 

Subtotal  215 

Stress  60 

Checking  24 

Materials  and  processing  10 

Project  office  10 

Release  3 

Subtotal  107 

Total  Engineering  $22 
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TABLE  9.  COST  ANALYSIS  (Concluded) 

CH-53  TRANSPARENCY  SYSTEM 

OPTION  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft  33  hours 

Kit  proof  and  changes  4  hours 

37  hours 


Flight  Manual 

T.O. :  Airframe  maintenance 

Add  data  to  describe,  install,  and 
maintain  new  installation 

T.O.  revisions  13  hours 

Material  cost  $5 


T.O. :  Illustrated  parts  breakdown,  add  changed  data 
to  parts  list 

T.O.  revisions 
Material  cost 


T.O. :  Numerical  Index  added  change  data 

T.O.  revisions 
Material  cost 


30  hours 
$5 


7  hours 
$3 


Total  labor  hours  87  hours 

Cost  $13 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 
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OPTION  4  (CANDIDATE  5  -  "LUBE  BLADE"  WINDSHIELD  WIPER) 

At  the  outset  of  this  program,  the  most  prevalent  problem  area  that 
surfaced  with  the  helicopter  transparency  systems  was  the  extensive  damage 
caused  by  windshield  wipers  abrading  and  scratching  plastic-type  windshields. 
In  some  cases,  some  damage  to  glass -type  windshields  was  attributed  to  the 
windshield  wiper.  Both  the  military  and  industry  have  been  aware  of  this 
problem  for  a  considerable  length  of  time.  Design  and  research  organizations 
have  and  are  presently  devoting  considerable  effort  to  improve  the  windshield 
wiper , 


Very  knowledgeable  field- level  personnel  state  that  most  of  the  damage  to 
the  windshield  occurs  during  the  initial  wiping  action.  Much  of  the  damage  is 
caused  by  fine  layers  of  grime  and  dust  that  collect  on  the  windshield.  In 
the  case  of  the  CH-53  wiper  system,  the  wash  fluid  system  can  be  activated, 
and  2  seconds  later  the  wiper  arm  starts  its  wiping  action.  The  spray  from  a 
tubular  manifold  ("spray  tube")  is  affixed  to  the  wiper  blade  (figure  34),  and 
applied  in  a  dispersed  pattern.  The  spray  pattern  from  the  manifold  does  not 
provide  uniform  saturation  of  the  wiped  surface.  Consequently,  scratching  of 
the  windshield,  especially  from  wiper  blades  that  harden  from  age,  results. 


It  is  therefore  proposed  that  the  "lube  blade"  concept  as  shown  in  figures 
35  and  36  be  incorporated  as  means  of  eliminating  this  problem.  The  principle 
utilized  by  the  "lube  blade"  is  dispersal  of  the  wash  fluid,  through  a  jet 
stream,  providing  a  uniform  coverage  across  the  full  length  of  the  wiper 
blade.  The  wash  fluid  is  dispersed  at  the  wiper  blade  wiping  tip,  as  shown  in 
figure  35.  The  fluid  is  pumped  into  an  integral  tubular  manifold  and  dispersed 
through  jet  ports  approximately  1  inch  apart.  The  lower  part  of  the  wiper 
blade  is  formed  to  act  as  a  valve,  blocking  off  the  jets  on  the  retreating 
side  of  the  blade  and  concentrating  all  the  flow  to  the  advancing  side  of  the 
wiper  blade.  The  concentration  of  the  wash  fluid  at  the  "tip"  point  of  contact 
will  lubricate  the  surface  and  prevent  scratching  of  the  windshield  surface. 
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Figure  35.  01-53  Proposed  Windshield  Wiper  Installation 


The  "lube  blade”  washer  system  consists  of  a  pump,  reservoir,  and  wiper 
blades  with  built-in  spray  nozzles  as  depicted  in  figure  36.  The  system  is 
operated  by  a  switch.  When  the  switch  is  placed  to  the  ON  position,  power  is 
applied  to  the  wiper  arm,  and  simultaneously  to  the  wash  fluid  pump.  After  a 
1-second  time  delay,  the  wiper  arm  automatically  begins  to  operate.  When 
sufficient  wiping  is  accomplished  after  three  to  four  cycles,  the  dispersion 
of  wash  fluid  is  stopped.  If  further  washing  is  desired,  the  wash  system  can 
be  manually  engaged. 

The  modification  to  the  existing  wash  system  for  incorporating  the  lube 
system  concept  will  result  in  approximately  5  pounds  weight  increase.  (See 
figure  37.) 


Cost  Analysis 

The  annual  savings  in  the  cost  of  replacing  damaged  windshields  and  by 
incorporating  the  wiper  system  modification  is  estimated  to  be  $20,900,  This 
is  based  on  a  cost  trade  analysis  (refer  to  table  10)  developed  for  a  10-yeax 
life  cycle  costing. 
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OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Existing 


Proposed 


Weight 


des ign 

design 

penal t 

Wiper  blade  instl 

1.7 

1  -7 

- 

Wi per  motor  instl 

2.5 

2-5 

- 

Pump 

2.2 

2.2 

- 

Con  ta i ner 

1.1 

1  -3 

0.2 

Water 

12.5 

16.7 

4.2 

Other  tubing 
supports 

0.4 

0.4 

- 

Total  system 

(20.4) 

(24.8) 

(4.4) 

NOTE:  All  weights  in  pounds. 


Figure  37.  -  CH-53  Windshield  Wiper  and  Frame  Weight  Data. 


TABLE  10.  COST  ANALYSIS 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

Stannary 

Present  Concept 

Field  Maintenance 
Spares 

Total  F/M  and  spares  -  10 -year  LCC 


$  72,861 
385,913 
$458,774 


Redesign  Concept 


Redesign  and  development 

$  12,555 

Kit  installation 

27,550 

Field  Maintenance 

1.1,417 

Spares 

197,595 

Total  F/M,  spares  and  nonrecurring 
and  recurring  R5D  -  10-year  LCC 

$249,117 

10 -year  LCC  savings 

$209,657 

Annual  (average)  savings 

$  20,900 
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TABLE  10.  COST  ANALYSIS  (Continued) 
OH- 53  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Present  Concept 

Field  Maintenance 


WUC  partial  llllB  and  1111C 

r/1I  (See  Option  1,  page  97) 

F/M  cost  =  0. 3S(8, 036  +  6,888)  =  $5,223 
iotal  years 

Escalation  factor  1978-1983 
Total  cost  10  years 


$  5,223 


10 

1.395 


(27) 


Spares 


WUC  partial  1111B  and  line 

(See  Option  1,  page  97) 

Spare  cost  =  0.35(47,360  +  31,680)  =  $27,664 
Total  years 
Escalation  factor 
Total  cost  10  years 


$  27,664 
10 

1.395 


l 

i 

i 


( 


i 


i 

} 


(27)  Escalation  factors  (reference  6) 
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TABLE  10.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Redesign  Concept  -  Nonrecurring 
Tooling  -  No  effort  required. 


Engineering 

Design 

132 

TCTO 

44 

Total  engineering  labor 

176 

Engineering  labor  rate 

$40 

Engineering  labor  dollars 

I7703U 

Engineering  material 

15 

$7,055 

Total  engineering 

Certification 

$7,055 

Engineering:  by  comparison  to 

similar  parts 

$1,500 

Kits  and  material 

800 

Test 

3,200 

Total  certification/W/S  wiper  blade 

*5,W 

$  5,500 

Total  nonrecurring  cost 

$12,555 
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TABLE  10.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Redesign  Concept  -  Recurring  Cost 
Field  Maintenance 


Total  WUC  attributed  How- Mai  dirt -cant,  crazed,', 
scratched,  and  scored  -■  (0.35  x  635)  =  222^  ’  hr 
at  $ 14/hr  = 

Service  improvement  $3,108  x  "0%  = 

Remaining  F/M  due  to  How-Mal 
Total  years 

Escalation  factor 


$  3,108 
-2,176 
5 - 537 


mptrr 


Spares  Replacement 


LH 


RH 


No.  of  spares  32 

R/R  due  to  How-Mals  (ref  MAM’s)  0.35 

IT 7T 

Less  adjustment  for  extended 
service  life  of  401  0.4 

III  _ 4/ST" 

Revised  unit  cost'-  J  $  2,146 

"337357 - 


22 

0.  35 
“777“ 

0.4 

TT" 

$2,088 

357573 


Total  projected  spares  »  $9,657  +  $6,473  = 
Total  years 

Escalation  factor  1978-1983 
Total  spares  cost 


$  16,130 

_ 10 

$161,300 

1.225 


(1)  Revised  unit  cost  LH  RH 

Current  cost  $17530  $17540 

45%  of  current  cost  666  648 


Redesigned  windshield  "lube  blade"  wiper-. system 

Estimated  cost  of  kit  $474  x  50 =  $23,700 

Estimated  installation  time  $77  x  50  =  3,800 

$277330' 

(28)  Maintenance  hours  attributed  to  SDCC  denotes  How-Mal 's  -  scored, 
scratched,  delaminated,  crazed,  cracked,  etc. 

(29)  SO  aircraft  in  fleet. 
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TABLE  10.  COST  ANALYSIS  (Continued) 
CH-53  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LOBE  BLADE"  WINDSHIELD  WIPER 

Engineering  Hours  Estimate 

Design  study  materials,  establish  basic  design, 
adapt  to  two-window  installation 

Vendor  coordination 

Establish  and  release  1  blade  configuration 
Establish  and  release  1  W/S  wiper  installation 
Miscellaneous  changes  -  design  maintenance 


Subtotal 


Stress 


Checking 


Materials  and  processing 
Project  office 


Release 


Subtotal 


Total  Engineering 
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TABLE  10.  COST  ANALYSIS  (Continued) 

CH-53  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft  12  hours 

Kit  proof  and  changes  2  hours 

U  hours 


Flight  Manual 

T.O. :  Airframe  maintenance 

Add  data  to  describe,  install  and 
maintain  new  installation 

T.O.  revisions  13  hours 

Material  cost  $5 


T.O. :  Illustrated  parts  breakdown,  add  changed  data 
to  parts  list 

10.  revisions 
Material  cost 


10  hours 
$4 


T.O. :  Numerical  Index  added  change  data 

7  hours 
$6 


T.O.  revisions 
Material  cost 


Total  labor  hours 
Cost 


44  hours 
$15 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 
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TABLE  10.  COST  ANALYSIS  (Concluded) 
CH-53  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Windshield  Wiper  Estimated  Costs 


Converter  assembly 

175.00 

2 

350.00 

Arm  assembly 

25.00 

2 

SO.  00 

Blade  flex  (lobe) 

18.00 

2 

36.00 

Time  delay  switch 

37.50 

1 

37.50 

Kit  total 

$473.50 

Installation  Cost 

Remove  and  Install 


1.50  x  2  =  3.0 
0.50  x  2  =  1.0 
0.2b  x  2  =  0.  5 
1.00  x  1  =  1.0 

T.T  hours 


F/M  rate  at  $14/hour  $77 


Converter  assembly 
Assembly  arm  drive 
Blade  flex 
Time  delay  switch 
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SECTION  VII 


CH-3  TRANSPARENCY  SYSTEM  DESIGN 

IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  CH-3  transparency  configuration  for  the  crew  compartment  is  similar 
to  the  CH-53,  The  transparencies  include  a  three- segment  windshield,  four 
forward  and  side  viewing  windows,  and  five  observation  windows  (see  figure 
38) .  The  windshields  are  a  laminated  two-ply  acrylic  with  a  vinyl  interlayer 
including  heating  provisions.  The  remaining  crew  compartment  windows  are 
monolithic  (single  ply)  acrylic. 


FAILURE  ANALYSIS 


As  was  the  case  on  the  CH-S3,  the  most  serious  problem  in  maintaining  the 
CH-3  transparencies  is  the  excessive  abrasions  and  scratches  attributed  to  the 
windshield  wiper.  Field- level  maintenance  personnel  state  that  scratching , 
crazing,  and  cracking  contribute  in  excess  of  50  percent  of  the  effort  and 
costs  for  these  windshield  assemblies.  A  considerable  amount  of  the  abrasions 
is  caused  by  improper  cleaning  and  ground- handling  procedures,  environmental 
and  weathering  factors.  Some  delamination  is  caused  by  windshield  heaters. 

The  description  of  the  failures  as  diagramed  in  the  fault  trees,  figures 
39  and  40,  was  assembled  from  the  MAM's  program.  Figures  41  and  42  present 
and  summarize  the  more  significant  How-Mal's,  actions  taken,  and  probable 
cause  of  failure.  The  failure  mode  descriptors  in  combination  with  flight 
hours,  maintenance  hours,  and  logistical  cost  are  contained  in  the  sampling 
MAM's  tabulation  shown  in  figure  A- 5  of  Appendix  A. 
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CANDIDATE  DESIGN  IMPROVEMENTS 


After  examination  of  the  failure  analysis  data  and  results  it  was  con¬ 
cluded  that  the  following  candidate  improvements  should  be  considered  and 
investigated. 

1.  Incorporate  glass  outer  ply  and  PPG-liner  material  layer  bonded 

to  the  inner  ply  of  acrylic  for  pilot's  and  copilot's  windshields  for 
improved  abrasion  resistance. 

2.  Incorporate  two-ply  PPG-liner  material  bonded  to  the  inner  and  outer 
surfaces  of  the  center  windshield  for  improved  abrasion  resistance. 

3.  Incorporate  improved  windshield  frame  for  improved  sealing. 

4.  Incorporate  PPG-liner  material  bonded  to  the  inner  and  outer  surfaces 
of  cabin  windows  for  improved  abrasion  resistance. 

5.  Incorporate  "lube  blade"  windshield  wiper. 

INVESTIGATION  AND  RATIONALE  FOR  SELECTED  CANDIDATES 


The  investigation  of  the  candidates  and  the  rationale  developed  to  select 
the  potential  options  are  the  same  as  those  shown  in  Section  VI,  pages  86 
through  88. 


SELECTED  TRADE  STUDIES 


Based  on  the  cost  analysis  as  contained  in  this  section,  the  following 
candidates  are  recommended  for  implementation.  These  design  improvements  are 
presented  as  "options"  for  the  incorporation  of  one  or  more  features  designed 
to  reduce  logistical  support  costs. 


The  analysis  of  Options  1,  2,  and  3  was  performed  in  combination  because 
data  required  to  separate  was  not  available.  It  should  be  noted,  however, 
that  Option  4  should  not  be  added  to  1,  2,  and  3  because  they  have  varying 
inpact  on  common  maintenance  effort  and/or  spare  parts. 


PROPOSED  CHANGE  OPTIONS 

OPTION  1  (CANDIDATE  1  -  GLASS  AND  PPG -LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S 
WINDSHIELDS) 

The  proposed  change  to  significantly  reduce  or  eliminate  the  scratching 
and  abrasion  problems  is  to  incorporate  a  multilaminate  glass,  acrylic,  and 
PPG- liner  material  configuration  for  the  pilot's  and  copilot's  windshield 
assemblies.  The  existing  design  consists  of  an  inner  and  outer  ply  of 
stretched  acrylic  with  a  PVB  interlayer  as  shown  in  figure  43.  The  proposed 
design  (see  figure  44)  is  also  configured  as  a  multilaminate  construction. 

The  outer  ply  is  0.050-inch  Chemcor  glass  to  provide  protection  against 
scratching  and  spalling.  For  improved  resistance  to  cold  chipping,  a  PPG  112 
interlayer  (0. 057-inch)  is  recommended.  The  remaining  plies  consist  of  an 
outer  layer  of  0.020- inch  PPG-liner  material  bonded  to  a  0.150-inch  stretched 
acrylic  structural  ply. 

The  liner  material  being  considered  for  this  application  is  currently 
being  developed  by  PPG  Industries.  The  new  liner  material  will  significantly 
improve  the  abrasion  resistance  of  current  plastic  glazing  materials.  This 
new  liner  can  be  applied  to  the  inboard  and  outboard  surfaces  of  glass, 
acrylic,  and  polycarbonate  glazing  materials.  Based  on  PPG  estimates,  use  of 
this  liner  on  the  inboard  surfaces  of  the  center,  pilot's,  and  copilot's 
windshields  should  increase  the  life  of  those  panels  by  a  factor  of  3  to  4. 
Glass  spall  sheets  are  recoirmended  for  the  outboard  surfaces  oi  he  pilot's 
and  copilot's  windshields  to  increase  service  life  of  those  panels  subjected 
to  windshield  wiper  operation. 
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OPTION  1  -  GLASS  AND  PPG-UNER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S 
WINDSHIELDS 


1  tem 

Area 

(in.z/AV) 

Existing  des i gn 

Proposed  design 

Weight 
penal ty 
(lb) 

Config  &  thick¬ 
ness  (in.) 

Wt 

(lb) 

Config  &  th  ick- 
ness  (in.) 

Wt 

(lb) 

Wi ndsh iel d 
(pi lot/copi lot) 

1,588 

19.5 

i - < 

22.2 

2.7 

pM 

0.050  Chemcor 
0.057  l/L 

0.150  S/A 

0.020  PPG-LM 

S/A  =  stretched  acrylic  I / L  =  interlayer  PPG-LM  =  PPG  urethane  liner  materia 

fvb  =  poly  vinyl  butyrai  AV  =  air  vehicle 


OPTION  2  -  STRETCHED  ACRYLIC  AND  PPG  LINER  MATERIAL  FOR  CENTER 
WINDSHIELD 


1  tem 

Area 

( in.2/AV) 

— 

Ex i sting  des ign 

Proposed  design 

Weight 
pena 1 ty 
(lb) 

Config  &  thick¬ 
ness  (in.) 

Wt 

(lb) 

Config  &  thick¬ 
ness  (in.) 

Wt 

(lb) 

Center 

wi  ndsh i e Id 

418 

1 

\  ~~  .  i 

5.0 

- 

) - t 

0.062  S-300 
0.075  PVB 
0.150  S/A 

0.062  PPG-LM 
0.055  l/L 
0.150  S/A 
0.020  PPG-LM 

OPTION  ?  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Weight  increase  considered  negligible 


OPTION  A  -  LUBE  BLADE  WINDSHIELD  WIPER  (See  CH-53 - ) 

Weight  increase  4,4  lb 

Figure  44  .  01-3  Transparency  Design  Data 
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OPTICN  2  (CANDIDATE  2  -  STRETCHED  ACRYLIC  AND  PPG- LINER.  MATERIAL  FOR  CENTER 
WINDSHIELD) 


The  center  windshield  panel  is  also  subject  to  excessive  scoring  and 
scratching  due  to  ground  handling  and  cleaning  procedures  and  to  environmental 
factors.  It  is  therefore  proposed  that  a  multilaminate  containing  two  plies 
of  PPG-liner  material  with  an  improved  PPG- 112  interlayer  (0.055-inch)  be 
substituted  for  the  existing  PVB  interlayer.  The  proposed  configuration  will 
consist  of  a  0.062-inch  PPG-liner  material  outer  ply,  the  PPG- 112  interlayer, 
and  a  0,020- inch  outer  layer  of  PPG-liner  material  bonded  to  a  0.050 -inch 
stretched  acrylic  structural  ply.  Figure  44  shows  a  comparison  of  the  existing 
design  and  the  proposed  design.  The  principal  advantage  of  the  proposed 
configuration  is  significant  increase  in  abrasion  resistance  for  negligible 
weight  change. 


OPTION  3  (CANDIDATE  3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING) 

Data  from  both  field  audits  of  operation  level  and  from  the  AFM  66-1  MDC 
system  indicates  that  35  percent  of  windshield  failures  that  are  attributed  to 
delaminations,  cracking,  etc,  are  due  to  moisture  penetration.  A  secondary 
effect  is  the  onset  of  corrosion,  especially  for  those  helicopters  operating 
in  the  coastal  areas.  In  order  to  substantially  reduce  this  problem,  it  is 
proposed  that  the  framing  and  support  modification  as  shown  on  figure  33  of 
Section  VI  be  incorporated.  The  principal  modification  to  accomplish  this 
change  is  a  seal  plate  that  is  affixed  to  the  juncture  of  the  windshield 
column  and  windshield  panel  edge  member. 


Cost  Analysis 

The  annual  savings  for  incorporating  Options  1,  2,  and  3  is  $48,900.  The 
basis  for  this  analysis  is  a  10-year  life  cycle  cost  projection  (refer  to 
table  11).  The  source  of  maintenance  hours,  numbers  of  spares,  unit  cost  was 
developed  using  AFM  66-1  data  base  and  the  data  collected  from  Warner  Robins 
ALC  (October  1977),  and  the  most  recent  from  the  302-SOS,  Luke  AFB  (April 
1979) . 
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TABLE  11.  COST  ANALYSIS 


CH-3  TRANSPARENCY  SYSTEMS 

OPTION  1  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 

2  -  STRETCHED  ACRYLIC  AND  PPG- LINER  MATERIAL  FOR  CENTER  WINDSHIELD 

3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 

Summary 

Present  Concept 

Field  Maintenance  $  213,864 

Spares  808,500 

Total  F/M  and  spares  -  10 -year  LCC  $1,022,364 

Redesign  Concept 

Redesign  and  development  $  48,175 

Field  Maintenance  126,818 

Spares  358,313 

Total  R§D  F/M  and  spares  -  10-year  LCC  $533,306 

10-year  LCC  savings  $489,0.58 

Annual  (average)  savings  $  48  ,,900 
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TABLE  11.  COST  ANALYSIS  (Continued) 
CH-3  TRANSPARENCY  SYSTEMS 


OPTION  1  -  GLASS  AND  PPG -LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 

2  -  STRETCHED  ACRYLIC  AND  PPG -LINER  MATERIAL  FOR  CENTER  WINDSHIELD 

3  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Present  Concept 


Field  maintenance  annual  cost 


Windshield 

W1JC 

111IE(30^ 


DDCC 

Maintenance 

Hours/Year  LSC/Year 

1,140  hr  x  $14. 00/hr (31)  $  15,960 


10-year  LCC  factor 
Escalation  factor  1976-1983 
Total  10-year  LCC  windshield  field  maintenance 


10 

1.340 


$213,864 


19 
_1 

20 


Total/annual  20/10  x  12  =  24  x  1,826  =  44  spares 
(1.826  fleet  adjustment  factor) 


44  spares  at  $1,500  = 


$  66,000  annual 


10-year  LCC  factor  10 

Escalation  factor  1978-1983  _ 1.225^3^ 

Total  10- year  LCC  windshield  spares  $808,500 


(30)  Includes  pilot's,  copilot's,  and  center  windshield  assemblies. 

(31)  Field  maintenance  rate,  incl  direct  labor,  Gf)A,  and  overhead 

(32)  Escalation  factors  (reference  6) 


TABLE  11.  COST  ANALYSIS  (Continued) 
CH-3  TRANSPARENCY  SYSTEMS 


OPTION  1  -  GLASS  AND  PPG- LINER  MATERIAL  FOR  PILOT'S  AND  COPILOT'S  WINDSHIELDS 

2  -  STRETCHED  ACRYLIC  AND  PPG- LINER  MATERIAL  FOR  CENTER  WINDSHIELD 

3  -  WINDSHIELD  FRAME  MODIFICATION  FOR  IMPROVED  SEALING 


Nonrecurring  Cost 

Tooling  -  No  effort  required. 

Engineering 

Design 

TCTO 

Total  engineering  labor 

Engineering  labor  rate 
Engineering  labor  dollars 
Engineering  material  dollars 
Total  engineering 


Certification: 

Engineering 

Testing 

Panel  fabrication  (3  each) 
Current  panel  cost 
(Added  effort  50%  of 
current) 


1,500 

750 

$2,7'STx  3 


Total  test  per  certification 
Two  configurations 
Total  certification 

TOTAL  NONRECURRING  COST  $30,000  +  $18,175  = 


250 

200 

— T5C — 

40/hr 

TTRTiTrTD 

175 

■$187175 


$  750 

$7,500 


6,750 

$15,000 

_ 2 

$30,000 

$48,175 
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TABLE  11.  COST  ANALYSIS  (Continued) 
CH-3  TRANSPARENCY  SYSTEMS 


OPTION  1  -  GLASS  AND  PPG-I.INER  MATERIAL  FOR  PILOT'S  AND  COPILOT’ 
Redesign  Concept  -  Recurring  Cost 
Field  Maintenance  (F/M) 


Total  attributed  to  other  than  DSSC  562  hr  at  $14.00  = 
Total  attributed  to  DSSC  380  hr  at  $14.00  =  S5..320 

Less  service  life  improvement  at  70%  x  $5,320  =  V?2_4 
F/M  attributed  to  DSSC 

Annual  F/M  for  revised  concept 
Total  years 

Escalation  factor  1976-1983 
Total  10 -year  field  maintenance  redesign  concept 

Spares 

Projected  spares  current  annual  MJC  requirement  44 
WUC  spares  attributed  to  70% 

extension  of  service  life  13 

(331 

Current  spares  value  $1,500^  J 

Added  effort  50%^^  of 

current  cost  750 

$z,2So  X  13  = 

Total  years 

Escalation  factor  1978-1983 
Total  10-year  spares  for  redesigned  concept 


(33)  "H-3  Spare  Cost  Data",  from  302/SOS/MA  Luke  AF  Base 

(34)  Service  life  factor  for  PPG- liner  material 


WINDSHIELDS 


$  7,868 


$  1,596 

9,464 

10 

1.340 

$1237812 


$  29,250 
10 

1.225 
T35C3T3 - 
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TABLE  11.  COST  ANALYSIS  (Concluded) 

CH-3  TRANSPARENCY  SYSTEMS 

MALNTENANCE  DATA  FRCM  302/SOS/MA  LUKE  AIR  FORCE  BASE 

Aircraft  type  CH-3  helicopter 

Aircraft  at  location  7  aircraft 

Windshield  replacement 

Jan  78  through  Jan  79  (13  mo)  10  units 

Average  monthly  replacement 

10  units/13  months  0.769  unit  per  month 

Total  approximate  cost  $15,000 

Average  approximate  cost/unit  $1,500 

Average  monthly  approximate 

spares  cost-  $1,500  x  0.769  =$  1,154/month 


OPTION  4  (CANDIDATE  5  -  "LUBE  BLADE"  WINDSHIELD  WIPER) 


Field  maintenance  personnel  that  are  very  knowledgeable  state  that 
most  of  the  damage  to  the  windshield  occurs  during  the  initial  wiping  action. 
I4ich  of  this  damage  is  caused  by  fine  layers  of  dust  and  grime  that  collect  on 
the  windshield.  In  the  case  of  the  CH-3  wiper  system,  the  wash  fluid  system 
can  be  activated,  and  2  seconds  later  the  wiper  arm  starts  its  wiping  action. 
The  spray  from  a  "spray  tube"  (figure  38)  is  applied  in  a  dispersed  pattern. 
The  spray  pattern  from  the  manifold  does  not  provide  uniform  saturation  of  the 
wiped  surface.  Consequently,  scratching  of  the  windshield,  especially  from 
wiper  blades  that  harden  from  age,  results. 

It  is  therefore  proposed  that  the  "lube  blade"  concept  as  shown  in  figure 
38  be  incorporated  as  means  of  eliminating  this  problem.  The  principle 
utilized  by  the  "lube  blade"  is  dispersal  of  the  wash  fluid,  through  a  jet 
stream,  providing  a  uniform  coverage  across  the  full  length  of  the  wiper 
blade.  The  wash  fluid  is  dispersed  at  the  wiper  blade  wiping  tip,  as  shewn  in 
figure  38.  The  fluid  is  pumped  into  a  tubular  manifold  and  dispersed  through 
jet  ports  approximately  1  inch  apart.  The  lower  part  of  the  wiper  blade  is 
formed  to  act  as  a  valve,  blocking  off  the  jets  on  the  retreating  side  of  the 
blade  and  concentrating  all  the  flow  to  the  advancing  side  of  the  wiper  blade. 
The  concentration  of  the  wash  fluid  at  the  "tip"  point  of  contact  will  lubri¬ 
cate  the  surface  and  prevent  scratching  of  the  windshield  surface. 

The  "lube  blade"  washer  system  consists  of  a  pump,  ieservoir,  and  wiper 
blades  with  built-in  spray  nozzles  as  depicted  in  figure  35,  Section  VI.  The 
system  is  operated  by  a  switch.  When  the  switch  is  placed  to  the  ON  position, 
power  is  applied  to  the  wiper  arm,  and  simultaneously  to  the  wash  fluid  pump. 
After  a  1-second  time  delay,  the  wiper  arm  automatical!,  De^ms  to  operate. 
When  sufficient  wiping  is  accomplished  after  three  to  four  cycles,  the  disper¬ 
sion  of  wash  fluid  is  stopped.  If  furthei  washing  is  desired,  the  wash  system 
can  be  manually  engaged. 

The  modification  to  the  existing  wash  system  for  incorporating  the  lube 
system  concept  will  result  in  approximately  5  pounds  weight  increase.  (See 
figure  37,  Section  VI.) 
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Cost  Analysis 


The  annual  savings  in  the  cost  of  replacing  damaged  windshields  and  by 
incorporating  the  wiper  system  modification  is  estimated  to  be  $23,300.  This 
is  based  on  a  cost  trade  analysis  (refer  to  table  12)  developed  for  a  10-year 
life  cycle  costing. 


TABLE  12.  COST  ANALYSIS 
CH-3  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Present  Concept 

Field  Maintenance 
Spares 

Total  F/M  and  spares  -  10 -year  LCC 

Redesign  Concept 

Redesign  and  development 
Kit  installation 
Field  Maintenance 
Spares 

Total  F/M,  spares  and  nonrecurring 
and  recurring  R6D  -  10 -year  LCC 

10 -year  LCC  savings 
Annual  (average)  savings 


Summary 

$  90,815 
$460,350 
$551,165 


$12,555 

49,590 

23,924 

231,794 

$317,863 

$233,302 
$  23,300 


t 


TABLE  12.  COST  ANALYSIS  (.Continued) 
CH-3  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Present  Concept 


Field  Maintenance 

NUC-DSS^35)  387,7/10  x  12  =  465  hr  at  $14/hr(36) 
Total  years 

Escalation  factor  1976-1983 
Total  cost  10  years 


$  6,510 


>  Spares 

i  MAM  1/76-10/76 

|  WUC-DSS  18/10  x  12  -  22 

;  22  spares  at  $1,500  = 

i.  Total  years 

|  Escalation  factor  1976-1983 

f  Total  cost  10  years 


(35)  Maintenance  hours  attributed  to  dirt-cont,  scored  and  scratched 

(36)  Field  maintenance  rate,  incl  direct  labor,  G§A,  and  overhead 

(37)  Escalation  factors  (reference  6) 


TABLE  12.  COST  ANALYSIS  (Continued) 
CH-3  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

Redes ign  Concept  ~  Nonrecurring 

Tooling  -  No  effort  required. 

Engineering 

Design 

TCTO 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor  dollars 
Engineering  material 
Total  engineering 

Certification 

Engineering:  by  comparison  to 
similar  parts 

Kits  and  material 
Test 

Total  certification  W/S  wiper  blade 
Total  nonrecurring  cost 


132 

44 

TTG 

$40 

$7,(140 


$1,500 

$  800 

$3,200 


S7,040 

15 

$7,051' 


$  5,500 
$12,555 


\ 
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TABLE  12.  COST  ANALYSIS  (Continued) 
CH-3  TRANSPARENCY  SYSTEM 
OPTION  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Recurring  Cost 
Field  Maintenance 

Total  WUC  attributed  How-Mal  dirt -cant, 
scratched,  and  scored  =  465  hr  at  $14/hr  =  $6,510 


$4,557 

$1,953 


Service  improvement  70%  x  6,510  = 

Remaining  F/M  due  to  How-Mal 
Total  years 

Escalation  factor  1978-1983 
Total  10-year  field  maintenance 

Spares  Replacement 

Windshield 

R/R  due  to  How-Mal  (ref  MAM's) 


Less  adjustment  for  extended  service  life  of  40% 
Revised  unit  cost  =  $1,500(1  +  45%)  = 

Total  years 

Escalation  factor  1978-1983 
Total  10-year  spares 

Redesigned  Windshield  Lube  Blade  Wiper  System 

Estimated  cost  of  kit  $474  x  90^^  = 


Estimated  cost  of  kit 
Estimated  installation  time 


(38)  90  aircraft  in  fleet 


$77  x  90 


$  1,953 
10 

1.225 


59 

0.37 

0.4 
T7T 
$  2,175 


10 

$1597210 

1.225 


$42,660 

6,930 

$^350 
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TABLE  12.  COST  ANALYSIS  (Continued) 
' :  CH-3  TRANSPARENCY  SYSTEM 

i 

!  OPTICS  4  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

Engineering  Hours  Estimate 

] 

Design  study  materials,  establish  basic  design. 


adapt  to  two-window  installation  24 
Vendor  coordination  20 
Establish  and  release  1  blade  configuration  20 
Establish  and  release  1  W/S  wiper  installation  16 

Miscellaneous  changes  -  design  maintenance  _ 8 

Subtotal  88 
Stress  24 
Checking  10 
Materials  and  processing  4 


Project  office  ,4  |  || 


k 

* 

* 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 


TABLE  12.  COST  ANALYSIS  (Concluded) 
CK-3  TRANSPARENCY  SYSTEM 


OPTION  4  -  "LUBE  BLADE" 

WINDSHIELD  WIPER 

Component  Cost 

Converter  assembly 

175.00 

2 

350.00 

Arm  assembly 

25.00 

2 

50.00 

Blade  flex  (lube) 

18.00 

2 

36.00 

Time  delay  switch 

37.50 

1 

37.50 

Kit  total 

$473.50 

Installation  Cost 

Remove  and 

Install 

Converter  assembly 

1.50  x 

2  *  3.0 

Assembly  arm  drive 

0.50  x 

2  =  1.0 

Blade  flex 

0.25  x 

2  *  0.5 

Time  delay  switch 

1.00  x 

1  =  1.0 

5. "5  hours 

F/M  rate  at  $ 14/hour 

$77 

SECTION  VIII 


UH-1F  AND  P  TRANSPARENCY  SYSTEM  DESIGN 
IMPROVEMENT  TRADE  STUDY 


CONFIGURATION  DESCRIPTION 


The  UH-1  series  crew  compartment  transparencies  includes  a  windshield  for 
the  pilot  and  copilot,  four  side  viewing  windows,  and  four  observation  windows. 
The  two  windshields  (figure  45)  as  well  as  the  side  viewing  and  observation 
windows  are  monolithic  (single  ply)  acrylic  panels.  The  two  windshields  are 
defogged  by  a  hot  air  system  and  contain  a  windshield  wiper  for  each  panel. 

FAILURE  ANALYSIS 


Examination  of  the  AFM  66-1  MDC  data  as  well  as  the  maintenance  data 
requested  from  Warner  Robins  ALC  (reference  11)  indicated  that  the  majority  of 
the  transparencies  were  replaced  because  of  the  breakage,  cracks,  and 
scratches.  Hie  main  cause  of  the  scratches  is  associated  with  the  windshield 
wipers.  It  takes  approximately  6  to  8  psi  of  pressure  (approximately  12  to  15 
pounds  of  force)  to  wipe  properly.  This  pressure  abrading  against  grimy  and 
dirty  surfaces  is  the  principal  cause  for  scratching. 

The  description  of  these  failures  as  diagramed  in  the  fault  trees,  figures 
46  and  47,  was  assembled  from  the  MAM's  program.  Figures  48  and  49  present 
and  sunroarize  the  more  significant  How-Mal's,  action  taken,  and  probable  cause 
of  failure.  The  failure  mode  descriptors  in  combination  with  flight  hours, 
maintenance  hours,  and  logistical  cost  are  contained  in  the  sampling  MAM's 
tabulation  shown  in  figure  A- 6  of  Appendix  A. 


Reference  11. 


William  J. 

Support,  and  Cost  Data  for  the 


Coleman,  Major,  USAF,  "Acquisition  of  Logistical 


'  'Acqu 

_ UH-IF/P  Windshield  and  Window 

stair  (Eef  79LA-QZ5Z  Ltr,  26  Mar  79)",  AFlC  Letter  WR-ALC/ 
tSRdA,  Headquarters  Warner  Robins  Air  Logistics  Center  (AFLC) , 
Robins  Air  Force  Base,  Georgia  31098,  6  April  1979, 
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Figure  45.  UH-IF/P  Windshield  and  Cabin  Window  Configuration 


WUC  11146  WINDSHIELD  L.H. 

WUCIII46  WINDSHIELD  R.H.  WINDSHIELD  PANEL  ASSY 


figure  4b.  Pault  Tree  Uii-l/P  Windshield  Panel  Assenblies 


(3  WINDOW  LOWER ,CREW  DOOR - 

13  DOOR  WINDOW  TOP  FWD  WINDOW  PANEL  ASSY 


Figure  47.  Fault  Tree  UH-1F/P  Window  Assemblies 


MJC  11146  WINDSHIELD  L.H. 
WUC  11146  WINDSHIELD  R.H. 


Figure  48.  UH-1F/P  Windshield  Assembly  Failure  Analysis  Summary 


CANDIDATE  DESIGN  IMPROVEMENTS 


The  first  candidate  to  be  selected  was  the  consideration  of  a  replacement 
glass  windshield  to  counter  the  windshield  wiper  scratching  problem.  During 
the  course  developing  the  failure  analysis,  it  was  ascertained  that  the  Army 
helicopter  fleet  was  being  retrofitted  with  glass  windshields.  These  data 
were  obtained  from  contacts  specified  in  reference  11.  Further  investigation 
indicated  that  the  UH-1  fleet  originally  had  glass -type  windshields  and  that, 
as  a  result  of  firing  guns  and  rockets,  minute  pitting  of  the  windshield  due 
to  envelopment  of  gas  residue  made  it  practically  impossible  to  see  through  at 
certain  conditions.  For  this  reason,  stretched  acrylic  plastic,  resistant  to 
the  pitting,  was  substituted  as  replacement  parts.  Since  the  termination  of 
the  South  Asia  conflict,  the  requirement  for  carriage  of  armaments  has  been 
substantially  reduced.  It  is  estimated  that  approximately  ^00  aircraft, 
models  UH-1,  still  retain  armaments. 

Since  it  appears  desirable  to  retain  the  acrylic  windshield  for  the  200 
gun-firing  UH-1  helicopters,  it  is  therefore  recommended  that  the  "lube  blade" 
wiper  concept  be  incorporated  to  minimize  scratching  caused  by  windshield 
wipers . 


SELECTED  TRADE  STUDY 

OPTION  1  ("LUBE  BLADE"  WINDSHIELD  WIPER) 

Field  maintenance  people  that  are  people  very  knowledgeable  state  that 
most  of  the  damage  to  the  windshield  occurs  during  the  initial  wiping  action. 
Much  of  the  damage  is  caused  by  fine  layers  of  dust  and  grime  that  collect  on 
the  windshield.  In  the  case  of  the  OK- 3  wiper  system,  the  wash  fluid  system 
can  be  activated,  and  2  seconds  later  the  wiper  arm  starts  its  wiping  action. 
The  spray  from  a  "spray  tube"  (figure  45)  is  applied  in  a  dispersed  pattern. 
The  spray  pattern  from  the  manifold  does  not  provide  uniform  saturation  of 
the  wiped  surface.  Consequently,  scratching  of  the  windshield,  especially 
from  wiper  blades  that  harden  from  age,  results. 
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It  is  therefore  proposed  that  the  "lube  blade"  concept  as  shown  in  figure 
45  be  incorporated  as  means  of  eliminating  this  problem.  The  principle 
utilized  by  the  "lube  blade"  is  dispersal  of  the  wash  fluid,  through  a  jet 
stream,  providing  a  uniform  coverage  across  the  full  length  of  the  wiper 
blade.  The  wash  fluid  is  dispersed  at  the  wiper  blade  wiping  tip,  as  shown  in 
figure  45,  The  fluid  is  punped  into  a  tubular  manifold  and  dispersed  through 
jet  ports approximately  1  inch  apart.  The  lower  part  of  the  wiper  blade  is 
formed  to  act  as  a  valve,  blocking  off  the  jets  on  the  retreating  side  of  the 
blade  and  concentrating  all  the  flow  to  the  advancing  side  of  the  wiper  blade. 
The  concentration  of  the  wash  fluid  at  the  "tip"  point  of  contact  will  lubri¬ 
cate  the  surface  and  prevent  scratching  of  the  windshield  surface. 

The  "lube  blade"  washer  system  consists  of  a  pump,  reservoir,  and  wiper 
blades  with  built-in  spray  nozzles  as  depicted  in  figure  35,  Section  VI.  The 
system  is  operated  by  a  switch.  When  the  switch  is  placed  to  the  ON  position, 
power  is  applied  to  the  wiper  arm,  and  simultaneously  to  the  wash  fluid  puip. 
After  a  1-second  time  delay,  the  wiper  arm  automatically  begins  to  operate. 
When  sufficient  wiping  is  acconplished  after  three  to  four  cycles,  the  disper¬ 
sion  of  wash  fluid  is  stopped.  If  further  washing  is  desired,  the  wash  system 
can  be  manually  engaged. 

The  incorporation  of  a  wash  system  for  the  lube  system  concept  will 
result  in  approximately  25  pounds  weight  increase.  (See  figure  37,  Section 
VI.) 


Cost  Analysis 


The  annual  savings  in  the  cost  of  replacing  damaged  windshields  and  by 
incorporating  the  wiper  system  modification  is  estimated  to  be  $10,600.  This 
is  based  on  a  cost  trade  analysis  (refer  to  table  13)  developed  for  a  10-year 
life  cycle  costing. 


TABLE  13.  COST  ANALYSIS 


TABLE  13.  COST  ANALYSIS  (Continued) 
UH-1F/P  TRANSPARENCY  SYSTEM 


f 


» 


l 

l 

? 

I 


OPTION  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

'Present  Concept 

Field  Maintenance 

WUC-DSS1-3^  333  x  SU/hr^40-1 
Total  years 

Escalation  factor  1976-1983 
Total  cost  10  years 


Spares 

WUC-DSS  26  at  $1,000 
Total  years 

Escalation  factor  1976-1983 
Total  cost  10  years 


$  4,662 
10 

1.395 
S557UT5 - 


(41) 


$  26,000 
10 

1.395 

$362,700 


(59)  Maintenance  hours  attributed  to  dirt  cont,  scored  and  scratched 

(40)  Maintenance  rate,  incl  direct  labor,  G&A,  and  overhead 

(41)  Escalation  factors  (reference  6) 


TABLE  13.  COST  ANALYSIS  (Continued) 
UH-1F/P  TRANSPARENCY  SYSTEM 


!S 


OPTICS  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Redesign  Concept-  -  Nonrecurring 
Tooling  -  No  effort  required. 

Engineering 


Design  150  hr 

TCTO  50  hr 

Total  engineering  labor  I0(T  hr 

Engineering  labor  rate  $40/hr 

Engineering  labor  dollars  $8 >000 

Engineering  material  35 

Total  engineering  $8,035 

Certification 

Engineering:  by  comparison  to 

similar  parts  $1,500 

Kits  1,200 

Test  $5,200 


Total  certification  cost  $5,900 


Total  nonrecurring  cost 


$  §,035 


$  5,900 
$x3,935 


TABLE  13.  COST  ANALYSIS  (Continued) 
UH-1F/P  TRANSPARENCY  SYSTEM 
OPTION  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Redesign  Concept  -  Recurring  Cost 
Field  Maintenance 

Total  WUC  attributed  to  How-Mal  dirt-cont, 
crazed,  scored,  or  scratches  =  333  hr  at  $14/hr  = 
Service  improvement  3  70%  x  $4,662  = 

Remaining  field  maintenance  due  to  How- Mai 
Total  years 

Escalation  factor  1978-1983 
Total  10-year  field  maintenance 

Spares  Replacement 

Windshield  No.  of  spares 

Less  adjustment  for  extended  service  life  of  401 


Revised  unit  cost 
Current  cost 
45%  current  cost 


Total  years 

Escalation  factor 
Total  10-year  spares 


$1,000 

450 


Redesigned  windshield  "lube  blade"  wiper  system 
Estimated  cost  of  kit  $706  x  123*4^'  = 
Estimated  installation  time  $210  x  123  = 


$  4,662 
3,264 
$  1,398" 

10 

inSTWET 

1.225 

'$177125 - 


26 

0.40 

10 


$  1,450 

$  lOwr 

10 

w$ir 

1. 225 


$  86,838 
25,830 
$TI7'653 


I  > 


II 


(42)  123  aircraft  in  fleet. 
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TABLE  13.  COST  ANALYSIS  (Continued) 

UH-1F/P  TRANSPARENCY  SYSTEM 

OPTION  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 

Engineering  Hours  Estimate 

Design:  Study  materials,  establish  basic  design, 
adapt  to  2  window  installations 

Vendor  coordination 

Establish  and  release  1  blade  configuration 

Establish  and  release  1  W/S  wiper  installation 
Miscellaneous  changes  -  design  maintenance 

Subtotal 

Stress 

Checking 

Materials  and  processing 
Project  office 
Release 

Subtotal 

Total  Engineering 


42 

2C 

20 

16 

_8 

106 

24 

10 

4 

4 

_2 

44 

150 


.jPTT'TTT^r'.T '  'lfT  111  . .  i  iiWituMU  'f  i«finwnrii»firi"i»  -i  ifi'i 


TABLE  13.  COST  ANALYSIS  (Continued) 
UH-1F/P  TRANSPARENCY  SYSTEM 
OPTION  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 
Technical  Order  Support 

TCTO:  Authorize  field  modification  to  aircraft 
Kit  proof  and  changes 

Flight  Manual 

T.O. :  Airframe  maintenance 

Add  data  to  describe,  install  and 
maintain  new  installation 

T.O.  revisions 
Material  cost 


T.O. 


Illustrated  parts  breakdown,  add  clianged  data 
to  parts  list 


T.O.  revisions 
Material  cost 


14  hr 
2  hr 
IF  hr 


IS  hr 
$12 


11  hr 
$9 


T.O. :  Numerical  Index  added  change  data 


T.O.  revisions 
Material  cost 


Total  labor  hours 
Cost 


8  hr 
$14 


50  hr 
$35 


This  estimate  is  based  on  input  obtained  from  transparency  design  and 
technical  support  functions. 
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TABLE  13.  COST  ANALYSIS  (Concluded) 
UH-1F/P  TRANSPARENCY  SYSTEM 


OPTION  1  -  "LUBE  BLADE"  WINDSHIELD  WIPER 


Pilot's  and  Copilot's  Windshield  Wiper  Kit 


Kit  Cost 


Converter  assy 

Unit 

175.00 

Qty/SS 

2 

Arm  assy 

25.00 

2 

Blade  flex  (lube) 

18.00 

9 

Time  delay  switch 

37.50 

l 

Pump  and  motor 

175.00 

l 

Reservoir 

35.00 

l 

Tubing 

7.50 

3 

Total  Dollars 


3SO.OO 
SO.  00 
36.00 

37.50 
175.00 

3S.00 

22.50 


Installation  Cost 


Removal 


Converter  assy 

1.0 

Arm  assy 

0.1 

Blade 

0.1 

Time  delay  switch 

0.25 

Pump  and  motor 

“ 

Reservoir 

“ 

Tubing 

“ 

15  hours  at  $14.00/hr  =  $210. 


Instal¬ 

lation 

Qty/ 

ss 

Total 

Hours 

+ 

0.50 

X 

2 

3.0 

+ 

0.40 

X 

o 

1.0 

0.15 

X 

2 

0.5 

+ 

0.75 

X 

1 

1.0 

4.00 

X 

1 

4.0 

2.50 

X 

1 

2.5 

1.00 

X 

3 

3.0 

t nr 

installation  cost. 
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SECTION  IX 


CONCLUSIONS  AND  RECOWENDATI ONS 


CONCLUSIONS 


The  paramount  desire  of  the  maintenance  personnel  at  the  field  level  and 
the  ALC  is  to  reduce  the  downtime  for  aircraft,  and  reduce  the  expenditure  of 
maintenance  hours  and  materiel  cost,  required  in  the  servicing  of  their  air¬ 
craft.  They  also  are  receptive  to  consideration  of  any  design  improvements 
that  will  increase  the  reliability,  maintain  the  desired  optical  qualities  to 
ensure  safety  of  flight,  and  reduce  operating  costs.  This  supplemental  study 
was  programed  to  achieve  this  end.  The  following  conclusions  resulted  from 
this  study. 

1,  The  AFM  66-1  Data  File,  data  obtained  from  ALC's,  and  from  field 
audits,  etc  do  provide  a  data  base  from  which  predominant  transparency 
maintenance  problems  can  be  identified  and  the  life  cycle  cost  (LCC) 
impact  determined. 

2,  Applying  state-of-the-art  technique  design  changes  can  be  incorporated 
that  will  alleviate  these  maintenance  problems.  Those  changes  that 
are  cost  effective  can  be  selected  by  LCC  considerations. 

3,  It  is  concluded  from  this  study  that  substantial  cost  savings  can  be 
achieved. 

RECCMCNDATIONS 


In  view  of  the  foregoing  conclusions  as  supported  by  the  analysis  con¬ 
tained  in  this  report,  it  is  recommended  that  the  following  studies  be  imple¬ 
mented  as  soar  as  practical. 
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ifj  PAGF  KOT  FILMED 

BLAair 


PROPOSED  STUDIES  FOR  IMMEDIATE  IMPLEMENTATION 
F-4  Aircraft  (Windshield  and  Canopies) 

Annual  Savings 


Option  No.  1 


PPG- Liner  Material  Laminated 
Configuration  for  Improved  Abrasion 


Option  No.  2 


Resistance 

Improved  Canopy  Hinge  Support  Fittings 


$662,600 
$  26,100 


Total  F-4  transparency  system  improvement  saving 


$688,700 


j 

i 


t 


y 


i 

i 


t 


5 

J 


\ 


C-130  Aircraft  (Windshields) 

Option  No.  1  Improved  Windshield  Edge  Sealing 
Option  No.  2  Windshield  Edge  Heater 

Total  C-130  transparency  system  improvement  saving 

CH-S5  Helicopters  (Windshields) 

Option  No.  1  Glass  and  PPG- Liner  Material  for 
Pilot's  and  Copilot's  Windshield 
Option  No.  2  Stretched  Acrylic  and  PPG- Liner 
Material  for  Center  Windshield 
Option  No.  3  Windshield  Frame  Modification  for 
Improved  Sealing 


Total  CH-53  transparency  system  improvement  saving 


$136,800 
$  37,700 

$174,500 


$  45,300 
$  10,200 
$  11,100 
$  66,600 


1 

! 

i 


! 


I 


j 

1 

I 

I 
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Aimiial  Savings 


CH-3  Helicopter  (Windshields) 

Option  No.  1  Glass  and  PPG- Liner  Material  for 
Pilot's  and  Copilot's  Windshield 
Option  No.  2  Stretched  Acrylic  and  PPG- Liner 
Material  for  Center  Windshield 
Option  No.  3  Windshield  Frame  Modification  for 
Improved  Sealing 

Total  CH-3  transparency  system  improvement  saving 

UH-1F/P  Helicopter  (Windshield  System) 

Option  No.  1  "Lube  Blade"  Windshield  Wiper 

Total  potential  annual  savings  for  all  aircraft 

Alternate  options  are  available  for: 

CH-53  Helicopter  Option  Ho.  4  "Lube  Blade 
Windshield  Wiper 

CH-3  Helicopter  Option  No.  4  "Lube  Blade" 
Windshield  Wiper 


$  48,900 


$  48,900 

$  10,600 
$989,300 

$  20,900 

$  23,300 


FOLLOW-ON  STUDIES 

The  proposed  options  as  listed  above  represent  a  portion  of  all  the 
design  inprovemant  candidates  that  were  reviewed.  During  the  selection 
process,  various  candidates  were  discarded  because  problem  areas  were  not 
considered  to  be  as  critical  or  the  potential  cost  savings  were  not  considered 
to  be  as  great  as  the  selected  options.  In  some  cases,  the  candidate  changes 
lacked  sufficient  data  to  be  considered  a  viable  option.  In  the  interest  of 
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expanding  the  search  for  cost  reduction,  it  is  recommended  that  the  following 
studies  be  pursued  at  sane  future  date. 

1.  Special  training  programs  for  the  care  and  proper  handling  of  trans¬ 
parencies.  In  view  of  a  very  large  amount  of  abrasion- type  damage 
(80  to  90  percent  of  scored  and  scratched  How-Mal)  that  is  caused  by 
improper  handling  by  ground  and  flight  crew  personnel,  a  specialized 
training  program  would  be  appropriate.  The  program  would  relate  the 
statistics  on  the  expenditures  required  to  maintain  and  to  provide 
spares  for  transparencies.  It  would  most  importantly  be  directed  in 
providing  the  instruction  and  proper  handling  procedure  required  to 
increase  the  life  of  these  transparents. 

2.  Provide  a  team  of  highly  skilled  technicians  to  buff  and  polish 
plastic- type  windshields  and  canopies.  The  Sierracin  Corporation 
believes  that  a  considerable  number  of  transparents  could  be  saved  if 
this  type  repair  task  were  accomplished  by  highly  qualified  and 
experienced  plastics  fabricators.  At  this  time,  less  than  10  percent 
of  scratched  transparents  are  repaired  by  polishing  and  buffing.  It 
is  believed  that  a  special  team  could  dramatically  increase  the 
number  of  transparents  that  could  be  saved  in  this  manner. 

3.  Incorporate  solid-state  anti-icing  controllers  in  lieu  of  electro¬ 
mechanical  devices  being  used  for  electrically  energized  anti -icing 
systems.  Significant  increases  in  the  sensitivity  and  reliability 
have  been  reported  foi  the  solid-state  controllers. 

4.  Incorporate  the  PPU-linei  material  in  the  secondary  viewing  and 
observation  windows  for  helicopter- type  aircraft.  Although  the 
viewing  requirements  for  these  windows  are  not  considered  to  be  as 
critical  as  the  windshield  panels,  they,  too,  should  be  reviewed  for 
modification.  A  significant  improvement  in  the  ability  to  maintain 
the  desired  optical  qualities  as  well  as  reduced  maintenance  cost  are 
certain  to  be  realized. 
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APPENDIX 


APPENDIX  A 

SAMPLE  MAINTENANCE  ANALYSIS  KDDEL  (MAMS)  PRINTOUTS 


figure  A-i. 

F-4  DESIGN/COST  MAMS 

FIGURE  A- 2. 

A-7D  DESIGN/COST  MAMS 

FIGURE  A- 3. 

C-130  DESIGN/COST  MAMS 

FIGURE  A-4 . 

CH-S3  DESIGN/COST  MAMS 

FIGURE  A-S. 

CH-3  DESIGN/COST  MAMS 

FIGURE  A- 6. 

UH-IF/P  DESIGN/COST  MAMS 
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Figure  A-l.  F-4  Oesign/Cost  MAMS 


Figure  A-l.  F-4  Design/Cost  MAMS  (Continued) 
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Figure  A-l.  F-4  Design/Cost  MAMS  (Continued) 
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Figure  A-l.  F-4  Design/Cost  MAKS  (Continued) 
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Figure  A-l.  F-4  Design/Cost  MAMS  (Continued) 
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Figure  A-l.  F-4  Eesign/Cost  MAMS  (Continued) 
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Figure  A-l.  F-4  Design/Cost  MAMS  (Continued) 
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Figure  A- 2.  A-7D  Design/Cost  MAMS  (Continued) 
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Figure  A- 2.  A-7D  Design/Cost  MAMS  (Continued) 
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Figure  A-3.  C-130  Design/Cost  M\MS 
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Figure  A- 3.  C-130  Design/Cost  MAMS,  (Continued) 
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C-130  Design/Cost  MAMS  (Continued) 


’ .  otsiCN/cosr  maintenance  analysis  model 
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Figure  A-3.  C-130  Design/Cost  MAJ45  (Continued) 
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Figure  A- 3.  C-130  Design/Cost  MAMS  (Continued) 


design/cost  maintenance  analysis  model 
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FLIGHT  HOURS  _  NO.  OF  FLIGHTS  LSC/YEAR  MANHOURS  MaNHOURS/IOOO  FLIGHT  HOURS  . 

TOTAL  445.923  473.960  9345,736  38,044.63  62.89 


Figure  A-3.  C-130  Design/Cost  NWMS  (Continued) 
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Figure  A-3.  C-130  Design/Cost  MAMS  (Continued) 
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Figure  A-3.  C-13Q  Design/Cost  MAMS  (Continued) 
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Figure  A- 3.  C-130  Design/Cost  MAMS  (Concluded) 
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Figure  A-4.  Ql-53  Design/Cost.  FftMS 
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Figure  A-4.  CH-53  Design/Cost  MAMS  (Continued) 
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Figure  A-4.  Cli-53  Design/Cost  MAMS  (Continued) 
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Figure  A- 5.  Cfi-3  Efesign/Cost  MAMS 
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OlSIGN/COSt  WA  iNTENANCE  aR1lT5T5-M06E  L" 


Figure  A-5.  Cll-3  Design/Cost  MAMS  (Concluded) 
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Figure  A-6.  Uli-IF/F  lift  sign/ Cost  MAMS  (Concluded) 
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